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(57) The present invention aims at providing com- 
pounds having therapeutic effects due to a DPP-IV in- 
hibitory action, and satisfactory as pharmaceutical prod- 
ucts. 

The present inventors have found that derivatives 
having a substituent introduced into the y-position of 
proline represented by the formula (I) 



wherein each symbol is as defined in the specification, 
have a potent DPP-IV inhibitory activity, and completed 
the present invention by increasing the stability. 




(i) 
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D s ripti n 
Technical Fi Id 

[0001] The present invention relates to a proline derivative showing a dipeptidyl peptidase IV (DPP-IV) inhibitory 
activity, which is useful for th treatment or prophylaxis of diab tes, ob sity, HIV infection, cancer metastasis, dermop- 
athy, prostatic hyperplasia, periodontitis, autoimmune disease and the like, and a salt thereof. 

Background Art 

[0002] DPP-IV is a serine protease, which recognizes an amino acid sequence having proline (or alanine or hydrox- 
yproline) the penultimate position from the N-terminal and produces dipeptide Xaa-Pro (xaa shows an optional amino 
acid and Pro shows L-proline). DPP-IV is widely distributed in mammalian tissues and is known to be present particularly 
in blood, kidney, intestinal epithelium and placenta. 

[0003] While the physiological role of DPP-IV in mammal has not been completely elucidated, its involvement in a 
broad range of functions of Irving organisms such as degradation of neuropeptide [Heymann et al., FEBS Letters vol. 
91 , 360-364 (1 978)], activation of T cell [Schon et al. f Biomedica Biochimica Acta vol. 44, K9-K15 (1 985)], adhesion 
of metastatic tumor cell to endothelium [Johnson et al., Journal of Cell Biology, vol. 121,1 423-1 432 (1 993)], invasion 
of HIV virus into lymphocytes [Callebaut et al., Science vol. 262, 2045-2050 (1993)] and the like is being clarified. Of 
these, the role of DPP-IV as an enzyme that inactivates glucagon-like peptide (GLP-1 ), which is a biogenic substance 
having a strong insulin secretion ability and controls postprandial blood glucose level, has been drawing attention 
[Deacon et al., Journal of Clinical Endocrinology and Metabolism, vol. 80, 952-957 (1995)]. 

[0004] GLP-1 is known to be metabolized in several minutes in a Irving organism. In the metabolism, that by DPP-IV 
is particularly important, because it quickly cleaves GLP-1 and produces inert GLP-1 [Deacon et al., American Journal 
of Physiology, vol. 271 , E458-E464 (1996)]. In addition, it is considered that physiological action of GLP-1 becomes 
attenuated further because this inert GLP-1 shows an antagonistic action on GLP-1 receptor [Knudsen et al., European 
Journal of Pharmacology, vol. 31 8, 429-435 (1 996)]. Therefore, a method for suppressing cleavage of GLP-1 by inhi- 
bition of DPP-IV is considered to be the most superior approach for reinforcing GLP-1 action. That is, a DPP-IV inhibitor 
is expected to be a superior treatment method of curing postprandial hyperglycemia without side effects, such as 
prolonged hypoglycemia and the like, for non insulin-dependent diabetic (type II diabetes) patients. 
[0005] Patent applications relating to DPP-IV inhibitors include the following. 

[0006] Japanese Patent Application under PCT laid-open under kohyo No. 9-509921 discloses (S)-2-cyano-1 -L- 
prolinepyrrolidine derivative. The L-a-amino acid corresponding to the L-proline moiety of the compound disclosed 
therein characteristically has a lipophilic side chain. 

[0007] In addition, W099/61431 describes DPP-IV inhibitory activities of a compound consisting of natural amino 
acid and thiazolidine or pyrrolidine. 

Disclosure of the Invention 

[0008] While there have been reported many DPP-IV inhibitors till date [Augustyns et al., Current Medicinal Chem- 
istry, vol. 6, 31 1 -327 (1 999)], none of the compounds shows sufficient inhibitory activity or sufficient stability and safety 
in living organisms, and they are unsatisfactory as a pharmaceutical product. Therefore, the development of a com- 
pound which exhibits a therapeutic effect through the inhibition of DPP-IV action and satisfactory as a pharmaceutical 
product has been demanded. 

[0009] In view of the above-mentioned points, the present inventors have conducted intensive studies with the aim 
of developing a novel DPP-IV inhibitor. As a result, the present inventors have found that a derivative having a sub- 
stituent introduced Into the y-position of proline has a potent DPP-IV inhibitory activity, and made the stability higher, 
which resulted in the completion of the present invention. 
[001 0] Accordingly, the present invention relates to the following compounds. 

(1) An L-proline derivative of the formula (I) 
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X shows -NR 1 R 2 wherein R 1 and R 2 may be the same or different and each is independently a hydrogen atom, 
alkyl, cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, or may be bonded to each other 
to form a heterocycle optionally containing 1 or 2 nitrogen atoms or oxygen atoms, the heterocycle optionally 
being condensed with an aromatic ring optionally having substituents, and the heterocycle optionally being 
a spiro ring, -NR 3 COR 4 wherein R 3 and R 4 are the same or different and each is independently a hydrogen 
atom, alkyl, cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl or heteroarylalkyl, -NR 5 CONR 6 R 7 
or -NR 5 CH 2 CH 2 NR 6 R 7 wherein R 5 , R 6 and R 7 are the same or different and each is independently hydrogen 
atom, alkyl, acyl, cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, or R 6 and R 7 may be 
bonded to each other to form a heterocycle optionally containing 1 or 2 nitrogen atoms or oxygen atoms, the 
heterocycle optionally being condensed with an aromatic ring optionally having substituents, -NR 8 S0 2 R 9 
wherein R 8 and R 9 are the same or different and each is independently a hydrogen atom, alkyl, cycloaikyl, 
cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, or -OR 10 or -OCOR 11 wherein R 10 and R 11 are 
each a hydrogen atom, alkyl, cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, 

Y is CH 2 , CH-OH, S, S=0 or S0 2 , 

Z is a hydrogen atom or a cyano, and 



of the above-mentioned groups, alkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl, cycloaikyl, cycloalky- 
lalkyl and heterocycle each optionally have substituents, 
or a pharmaceutical^ acceptable salt thereof. 

(2) The L-proline derivative described in the aforementioned (1), wherein X of the formula (I) is a substituent se- 
lected from the formulas 



»13 



wherein 



)m 



is a single bond or a double bond, 

R 12 is alkyl, cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, -NR 14 R 15 , -OR 16 , -COR 17 , 
-C0 2 R 18 , -CONR^R 20 or -S0 2 R 21 CH 2 wherein R 14 , R 15 , R 16 , R 17 , R 18 , R 19 , R 20 and R 21 are the same 
or different and each is independently a hydrogen atom, alkyl, cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl or haloalkyl, or R 14 and R 15 , and R 19 and R 20 may be bonded to each other 
to form heterocycles each optionally containing 1 or 2 nitrogen atoms or oxygen atoms, said heterocycle 
optionally being condensed with an aromatic ring optionally having substituents, 

R13 i S a hydrogen atom, alkyl, cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, 

m is 1 or 2, and 

A is a carbon atom or a nitrogen atom, provided that i) when A is a carbon atom, A may be substituted 

by a hydroxyl group, carboxyl or alkoxycarbonyl, and ii) when A is a nitrogen atom, 
is a single bond, 



of the abov -mention d groups, alkyl, cycloaikyl, cycloalkylalkyl, aryl, arylalkyl, het roaryl, heteroarylalkyl and 
heterocycle each optionally have substituents, 



EP 1 308 439 A1 



or a pharmaceutical^ acceptable salt thereof. 

(3) The L-prollne derivative described in th aforementioned (1) or (2), wher in X of the formula (I) is a substituent 
selected from the formulas 



10 



•N— (CH^ ^ 



a=b 



3 23 



e— d R 



(IV) 



f \ ✓ 
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IVI) 



is 
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p24 (VII) 



wherein 



25 



30 



35 



40 
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R 23 and R 24 



a, b, c, d, e, f and g 

n 
A 



is a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroar- 
ylalkyl, 

are the same or different and each is independently a hydrogen atom, alkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, halogen, haloalkyl, cyaho, nitro, -NR 25 R 26 , -NHSOgR 27 , -OR 28 , 
-COOR 29 , -CONHS0 2 R 30 , -S0 2 0R31, -S0 2 R 32 or -CO NR^R 34 wherein R 2 *, R26 f r27 R 28 f 
R 29 , R 30 , R 31 , R 32 R 33 and R 34 are the same or different and each is independently a 
hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl 
or haloalkyl, or R 25 and R 26 , and R 33 and R 34 may be bonded to each other to form hete- 
rocycles each optionally containing 1 or 2 nitrogen atoms or oxygen atoms, said heterocycle 
optionally being condensed with an aromatic ring optionally having substituents, 
are all carbon atoms, or any one or two thereof is(are) nitrogen atom(s) and the rest is a 
carbon atom, 
is 0, 1 , 2 or 3, and 
is a carbon atom or a nitrogen atom, 



provided that when A is a carbon atom, A may be substituted by a hydroxyl group, carboxyl or alkoxycarbonyl, 
and of the above-mentioned groups, alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, cycloalkylalkyl and 
heterocycle each optionally have substituents, 
or a pharmaceutical^ acceptable salt thereof. 

(4) The L-proline derivative of any of the aforementioned (1) to (3), wherein, in the formula (I), the asymmetric 
carbon, to which X is bonded, is expressed by an S configuration, X is a group of the formula (VI) or (VII), R 23 and 
R 24 are the same or different and each is nitro, cyano, C^alkyl, C^alkyloxy, halogen or haloalkyl, Y is a sulfur 
atom and Z is a hydrogen atom, 

or a pharmaceutically acceptable salt thereof. 

(5) The L-proline derivative of the aforementioned (1 ), wherein, in the formula (I), X is a hydroxyl group, phenylamino 
optionally having substituents, 2-pyridylamino optionally having substituents, 3-pyridazinylamino optionally having 
substituents or 2-pyrimidinylamino optionally having substituents, and the asymmetric carbon, to which X is bond- 
ed, is expressed by an S configuration, 

or a pharmaceutically acceptable salt thereof. 

(6) A compound of the formula (l-a) 
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X 



wherein 



X shows -NR 1 R 2 wherein R 1 and R 2 may be the same or different and each is independently a hydrogen 
atom, alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, or may be bonded to 
each other to form a heterocycie optionally containing 1 or 2 nitrogen atoms or oxygen atoms, the hetero- 
cycle optionally being condensed with an aromatic ring optionally having substituents, and the heterocycie 
optionally being a spiro ring, -NR 3 COR 4 wherein R 3 and R 4 are the same or different and each is independ- 
ently a hydrogen atom, alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, arylalkenyl, heteroaryl or heteroar- 
ylalkyl, -NRSCONRW or -NR 5 CH 2 CH 2 NR 6 R 7 wherein R 5 , R 6 and R 7 are the same or different and each 
is independently a hydrogen atom, alkyl, acyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, heteroaryl or het- 
eroarylalkyl, or R 6 and R 7 may be bonded to each other to form a heterocycie optionally containing 1 or 2 
nitrogen atoms or oxygen atoms, said heterocycie optionally being condensed with an aromatic ring op- 
tionally having substituents, or -NR 8 S0 2 R 9 wherein R 8 and R 9 are the same or different and each is inde- 
pendently a hydrogen atom, alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, 

Y is CH 2 , CH-OH, S, S=0 or S0 2 , 

Z is a hydrogen atom or a cyano, 

R35 j S -COR 41 wherein R 41 is a hydrogen atom, alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, or -COOR 42 wherein R 42 is alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, and 

of the above-mentioned groups, alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroar- 
ylalkyl and heterocycie each optionally have substituents. 
(7) A compound of the formula (l-b) 



wherein 

Z is a hydrogen atom or a cyano, and 

R35 i S -COR 41 wherein R 41 is a hydrogen atom, alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, or -COOR 42 wherein R 42 is alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, and 

of the above-mentioned groups, alkyl, cycloalkyl, cycloalkyialkyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl each 
optionally have substituents. 

The present invention further relates to the following compositions for pharmaceutical agents. 

(8) A pharmaceutical composition containing an L-proline derivative of any of the aforementioned (1)-(5) or a 
pharmaceutical^ acceptable salt thereof, and a pharmacologically acceptable carrier. 

(9) A DPP-IV inhibitor containing an L-proline derivative of any of the aforementioned (1)-(5) or a pharmaceutical^ 
acceptable salt thereof as an active ingredient. 

(1 0) A therapeutic agent for th disease where DPP-IV is involved, which contains an L-proline derivativ of any 
of the aforementioned (1)-(5) or a pharmaceutical^ acceptable salt thereof as an active ingredient. 




O 
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(1 1 ) The therapeutic agent of th aforementioned (1 0), wherein the afor mentioned disease is diabetes, ob sity, 
HIV infection, cancer metastasis, dermopathy, prostatic hyperplasia, periodontitis or autoimmune dis ase. 

[0011] The symbols used in the present specification are xplain dinth following. 

[001 2] Alkyl is preferably lin ar or branched alky! having 1 to 8 carbon atoms, such as methyl, ethyl, propyl, isopropyl 
butyl, isobutyl, t rt-butyl, p ntyl, hexyl, octyl and the like. 

[001 3J Acyl. is preferably linear or branched and has 1 to 8 carbon atoms, such as formyl, acetyl, propionyl, butyryl 
isobutyryl, valeryl, isovaleryl, hexanoyl and the like. ' ' 

[0014] Cycloalkyl preferably has 3 to 7 carbon atoms, and is exemplified by cyclopropyl, cyclopentyl, cyclohexvl 
cycloheptyl and the like. 7 
[0015] Cycloalkylalkyl has a cycloalkyl moiety, which is equivalent to that mentioned above, and an alkyl moiety 
which is preferably linear or branched and has 1 to 3 carbon atoms. 

[001 6] Examples thereof include cyclopropylmethyl, 2-cyclobutylethyl, 3-cyclopentylpropyl , cyclohexylmethyl 2-cy- 
clohexylethyl, cycloheptylmethyl and the like. 

[0017] Aryl is preferably phenyl, naphthyl or ortho fused bicyclic group having 8 to 10 ring atoms wherein at least 
one ring is an aromatic ring (e.g., indenyl) and the like. 

[0018] Arylaikyl has an aryl moiety, which is equivalent to that mentioned above, and an alkyl moiety which is pref- 
erably linear or branched and has 1 to 3 carbon atoms. Examples thereof include benzyl, benzhydryl, phenethyl, 3-phe- 
nylpropyl, 1 -naphthylmethyl, 2-(1 -naphthyl)ethyl, 2-(2-naphthyl)ethyl, 3-(2-naphthyl)propyl and the like. 
[0019] Arylalkenyl has an aryl moiety, which is equivalent to that mentioned above, and an alkenyl moiety which has 
2 or 3 carbon atoms and is linear or branched. Examples thereof include styryl and the like. 

[0020] Heteroaryl is preferably a 5 or 6-membered ring group having carbon and 1 -4 hetero atoms (oxygen, sulfur 
or nitrogen), an ortho fused bicyclic heteroaryl having 8 to 10 ring atoms, which is derived therefrom, particularly a 
benz derivative, those derived from fusing a propenylene, trimethylene or tetramethylene group therewith, stable N- 
oxide thereof and the like. Examples thereof include pyrrofyl, furyl, thienyl, oxazolyl, isoxazolyl, imidazolyl, thiazofyl, 
isothiazolyl, pyrazolyl, triazolyl, tetrazolyl, 1 ,3,5-oxadiazolyl, 1 ,2,4-oxadiazolyl, 1 ,3,4-oxadiazoiyl, 1 ,2,4-thiadiazolyl, py- 
ridyl, pyrazinyl, pyrimidinyl, pyridazinyl, 1,2,4-triazinyl, 1 ,2,3-triazinyl, 1,3,5-triazinyl, benzoxazolyl, benzisoxazolyl, 
benzothiazolyl, benzisothiazolyl, benzimidazolyl, oxazolopyridyl, imidazopyridazinyl, thianaphthenyl, isothianaphthe^ 
nyl, benzofuranyl, isobenzofuranyl, benzothienyl, chromenyl, isoindolyl, indolyl, indolinyl, indazolyl, isoquinolyl, qui- 
nolyl, phthalazinyl, quinoxalinyl, quinazolinyl, cinnolinyl, 2,1 ,3-benzoxadiazolyl, benzoxazinyl and the like. 
[0021] Heteroarylalkyl has a heteroaryl moiety, which is equivalent to that mentioned above, and an alkyl moiety 
which_ is preferably has 1 to 3 carbon atoms and linear or branched. Examples thereof include 2-pyrrolyImethyl, 2-py- 
ridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 2-thienylmethyl, 2-(2-pyridyl)ethyl, 2-(3-pyridyl)ethyl, 2-(4-pyridyl)ethyl 
3-(2-pyrrolyl)propyl I 4-imidazolylmethyl and the like. 

[0022] Heterocycle is a saturated or unsaturated monocyclic 4 to 7-membered ring group or 1 0 or 1 1 -membered ring 
group, which is a spiro ring, having carbon and at least one nitrogen, and optionally other hetero atom (oxygen or 
sulfur). Examples thereof include azetidinyl, pyrrolidinyl, piperidino, piperazinyl, morpholino, 1 ,4-diazepanyl, 
1 ,2,5,6-tetrahydropyridyl, thiomorpholino, oxothiomorpholino, dioxothiomorpholino, 3-azaspiro[5,5]undecyl 1 3 8-tria- 
zaspiro[4,5]decyl and the like. 

[0023] Moreover, the above-mentioned heterocycle may be condensed with an aromatic ring (e.g., benzene ring, 
pyridine ring and the like) optionally having substituents. Examples thereof include indolinyl, isoindolinyl, 1 ,2,3,4-tet- 
rahydroquinolyl, 1,2,3,4-tetrahydroisoquinolyl, phthalimido, indolyl and the like. 
[0024] Halogen is exemplified by chlorine, bromine, fluorine and iodine. 

[0025] Haloalkyl is exemplified by trifiuoromethyl, 2,2,2-trifluoroethyl, pentafluoroethyl and the like. 

[0026] Of the above-mentioned substituents, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylaikyl, arylalkenyl, heteroaryl, 

heteroarylalkyl and heterocycle are optionally substituted by the following 1 or more substituents. 

[0027] The substituents may be, for example, halogen, hydroxyl group, nitro, cyano, trifiuoromethyl, alkyl, alkoxy, 

alkylthio, formyl, acyloxy, oxo, phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 4-piperidinyl, 2-morpholinoethyl, 3-picolyl, arylaikyl 

-COOR a> -CH 2 COOR a , -OCH 2 COOR a , -CONR^, -CH 2 CQNR b R c (Q is =0 or =S), -OCH 2 CONRbR c , -COO 

(CH^NR^, -S0 2 T 1t -CONRdSO^, -NF^F^, -NR g CHO, -NRgCOT 2 , -NRgCOOT 2 , -NR Q CONRiR|, -NR^OoTo, 

-S0 2 NR 1 R mi -S0 2 N R n COT 4 , methylenedioxy, ethyleneoxy and the like. 

[0028] These substituents may have substituents, and phenyl, 2-pyridyl and 4-piperidinyl having substituents are 
exemplified by 4-cyanophenyl, 4-chlorophenyl, 4-methoxyphenyl, 5-cyano-2-pyridyl, 1 -ethoxycarbonyl-4-piperidinyl 
and the like. 

[0029] In the above-mentioned substituents of the substituents, halog n, alkyl and arylaikyl are exemplified by those 
mentioned above. 

[0030] Alkoxy is linear or branched and preferably has 1 to 8 carbon atoms. Examples thereof include methoxy, 
thoxy, propoxy, butoxy, pentyloxy, hexyloxy, octyloxy and the like. Alkylthio is linear or branched and preferably has 
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1 to 8 carbon atoms. Examples ther of include m thylthio, ethylthio, propylthio, butylthio, pentylthio, h xylthio, octylthio 
and th like. Acyloxy is linear or branch d and pref rably has 1 to 8 carbon atoms. Examples thereof Includ formyloxy, 
acetyloxy, propionyloxy, butyryloxy, val ryloxy, pivaloyloxy, hexanoyloxy, benzoyloxy and th like. 
[0031] R a -R n show hydrog n, alkyl (as defined above) or arylalkyl (as defined abov ). Rj, and R e and R,, R, and 
R jf andR,andR m of-NR b R c ,-NR e R f> -NR j Rjand-NR,R m mayb respectively bonded to each other to form h t rocycl s 
each optionally having 1 or 2 nitrogen atoms or oxygen atoms, and the h terocycle may be cond nsed with an aromatic 
ring optionally having substituents (as defined above, and optionally substituted by the aforementioned substituents). 
Moreover, -NR e R, may show a heteroaryl having =0 (e.g., 2-pyrrolidinon-1-yl, succinimido, oxazolidin-2-on-3-yl, 2-ben- 
zoxazolinon-3-yl, phthalimido, cis-hexahydrophthalimido and the like). T r T 4 show hydrogen atom, alkyl, cycloalkyl, 
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroaryialkyl or haloalkyl, which may be substituted by the aforementioned 
substituents. 

[0032] Due to the asymmetric carbon, to which X is bonded, in compound (I), compound (I) can be present as an 
optically active compound or a diastereomer mixture, and the diastereomer mixture can be separated into each optically 
active compound by a known method. 

[0033] The compound (I) can show polymorphism, and can be present as two or more tautomers. 

[0034] Therefore, the present invention encompasses any of the above-mentioned stereoisomers, optical isomers, 

polymorphs, tautomers, optional mixtures thereof and the like. 

[0035] The pharmaceuticaily acceptable salt of compound (I) includes, for example, inorganic acid addition salts (e. 

g. , salts with hydrochloric acid, hydrobromic acid, hydriodic acid, sulfuric acid, nitric acid, phosphoric acid and the like), 

organic acid addition salts (e.g., salts with methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, formic 

acid, acetic acid, trifiuoroacetic acid, oxalic acid, citric acid, malonic acid, f umaric acid, glutaric acid, adipic acid, maleic 

acid, tartaric acid, succinic acid, mandelic acid, malic acid, pantothenic acid, methylsulfuric acid and the like), salts 

with amino acids (e.g., salts with glutamic acid, aspartic acid and the like), and the like. 

[0036] The L-proline derivative of the present invention can be produced by the following method. 

[0037] Scheme 1 shows a production method of a compound of the formula (I) wherein X is -OR 10 or -OCOR 11 . 



Scheme 1 
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rES 1 T iS , an , amin ° ac f protectin 9 9 rou P <•*■ tert-butoxycarbonyl (Boc) and benzyloxycarbonyl (Cta)), R* fe 
a hydroxy^rotecting group (e.g., tert-butyldimethylmethylsilyl, triisopropylsilyl and tert-butyldiphenylsilyl). A is R* or 
COR" and other symbols are as defined above. 

[0038] When Z of a compound of the formula (VIII) is cyano, this compound can be prepared by a method described 
Zl ^i^T T ' Bioor 9anic& Medina. Chemistry Letters, vol. 6, 1163-^66 (Isfi^SZES 
method based on such reference. A compound of the formula (IX') [hereinafter to be referred to as compound (IX-)] 
can be prepared by silylation of hydroxy! group of hydroxyzine derivative by a conventional method 

ilnZn '"! 18 re *f d With C ° mP0Und ( ' X) t0 9iV6 am,de COmpound < XI >" or com P° und (V"«) fe reacted 
with compound (IX') to give amide compound (X). 

[0039] As acondensation agent for actuating carboxylic acid of compound (IX) or (IX 1 ), thereare recit d, forexample 
jcyclohexylcarbodnmide (DCC), N- ( 3-dimethylaminopropyl)-N'-ethylcarbodiimide (EDC), hydroch.onde Zreof' 
2-ethoxy-1 -ethoxycarbonyl-1 ,2-dihydroxyquinoiine (EEDQ), carbodiimidazole (CDI), diethy phosphory. cyanide S 
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zotriazol-l-yloxytrispynrolidinophosphonium h xafluorophosphat (PyBOP), diph nylphosphoryl azide (DPPA), iso- 
butyl chloroformate, diethylacetyl chlorid , trim thylacetyl chlorid and th like. These condensation agent may be 
used alone, or an additiv such as N-hydroxysuccinimide (HONSu), hydroxyb nzotriazole (HOBT) or 3-hydroxy-4-oxo- 
3 l 4-dihydro-1,2 l 3-benzotriazine(HOOBT),4-dimethylaminopyridin (DMAP) and the lik is us d in combination. 
5 [0040] This r action is generally carried out in an in rt solv nt and th inert solv nt to be used may b any as long 
as it is aprotic. Preferable xamples include ac tonitril , tetrahydrofuran, dichloromethane, chloroform, N.N-dimethyl- 
forrnamide (DMF) and the like. This condensation is carried out generally at a temperature of from -30°C to 80°C, 
preferably from -10°C to 25°C. 

Step b: Compound (X) is deprotected to give compound (XV). 
10 [0041] This reaction can be carried out in an inert solvent such as tetrahydrofuran and the like, using tetrabutylam- 
monium fluoride and the like. The reaction mixture is preferably buffered with an acid such as acetic acid and the like 
generally at a temperature of from -30°C to 70°C for 1 0 min to 24 hr. 

Step c: Compound (XI) is reacted to give compound (XII), or compound (XI') is reacted to give compound (XII 1 ). 
[0042] By acylation of hydroxyl group of compound (XI) or {XV) by a general method, a compound of the formula 
is (XII) or (XII'), wherein A' is COR 11 , can be obtained. The synthetic method of compound (XII) or (XII 1 ), wherein R 11 is 
alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, is exemplified by a method including use 
of an active carboxylic acid derivative such as acid halide, a method including use of a carboxylic acid and a coupling 
agent, and the like. 

[0043] A compound of the formula (XII) or (XII 1 ) wherein A' is R 10 can be obtained by converting hydroxyl group of 
20 compound (XI) or (XI') to alcoholate, which is followed by nucleophilic substitution of alkyl halide and the like. The 
reaction is carried out in the presence of a base such as sodium hydride and the like, using alkyl halide and the like in 
an inert solvent such as tetrahydrofuran and the like, generally at a temperature of from -80°C to 60°C, preferably from 
-50°C to 25°C. 

Step d: Compound (XI) is reacted to give compound (XII'), or compound (XI') is reacted to give compound (XII). 
25 [0044] The reaction is carried out in the presence of phosphines such as triphenylphosphine, tributylphosphine and 
the like and diazodicarboxylic acid diester, using R 11 COOH or aryl or heteroaryl having a hydroxyl group, and the like 
in an inert solvent such as toluene, tetrahydrofuran and the like, generally at a temperature of from -30°C to 11 0°C, 
preferably from 0°C to 25°C. 

[0045] A compound of the formula (Xlf) or (XII), wherein A' is COR 11 , can be obtained by sulfonylation of hydroxyl 
30 group of compound (XI) or (XI'), and reacting the compound with carboxylic acid salt. The sulfonylation is carried out 
in the presence of a base such as pyridine, triethylamine and the like using p-toluenesulfonyl chloride, methanesulfonyl 
chloride, trif luoromethanesulf onyl chloride and the like, in an inert solvent such as dichloromethane, 1 ,2-dichloroethane 
and the like generally from -30°C to 60°C for 10 min to 24 hr. The subsequent reaction with carboxylic acid salt is 
carried out In the presence of an inorganic base such as potassium carbonate, sodium carbonate and the like using 
35 R 11 COOH in an inert solvent such as acetone, hexamethylphosphoramide and the like generally from 0°C to 120°C 
for 10 min to24hr. 

Step e: Compound (XII) is deprotected to give compound (XIII), or compound (XII 1 ) is deprotected to give compound 

pair). 

[0046] When, in this reaction, the protecting group is Boc group, for example, the compound is reacted in a solvent 
40 such as acetonitrile, tetrahydrofuran, 1 ,4-dioxane, ethyl acetate, methanol, ethanol, chloroform and the like, using an 
acid such as hydrogen chloride, trifluoroacetic acid and the like generally from -30°C to 60°C for 10 min to 24 hr for 
deprotection. 

[0047] Scheme 2 shows a production method of a compound of the formula (I) wherein X is -NR 1 R 2 . 

45 

Scheme .2 



50 



55 



9 



EP 1 308 439 A1 




.0 H 

pog v r" n r* 

. (XXI) 

reduction X N* 1 * 2 
Step n 
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wherein OS0 2 R37 fe a leaving group (e.g., tosylate (OTs), mesylate (OMs) or trtflate (OTf)), Hal is halogen, R» and 
R are the same or different and each is independently hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, 
heteroaryl or heteroarylalkyl, or may be bonded to each other to form a heterocycle optionally containing 1 or 2 nitrogen 
atoms or oxygen atoms, or the heterocycle may be condensed with an aromatic ring optionally having substituents 
and other symbols are as defined above. 

Step f : Hydroxyl group of compound (XI) is sulfonylated to give compound (XIV) 

[0048] This reaction is carried out in the presence of a base such as pyridine, triethylamine and the like, using p- 
toluenesulfonyl chlonde, methanesulfonyl chloride, trifluoromethanesulfonyl chloride and the like in an inert solvent 
such as dichloromethane, 1 ,2-dichloroethane and the like generally at a temperature of from -30°C to 60°C for 1 0 min 
to 24 hr. 

Step g: Compound (XIV) is subjected to azidation to give compound (XV). 

™ 49 J ^.rfJ 0 " fe ° a '? d ° Ut USing 8 metal a2id6, such 38 sodium in a solvent su <* ^ N.N-dimethylfor- 
mamide and the like generally at a temperature of from 0°C to 120-C for 30 min to 24 hr. 

Step h: Compound (XV) is directly obtained from compound (XI). 

IHh H eaCt i n l Ca '? d °"I the PreSenCe ° f P hos P hines such « triphenylphosphine, tributylphosphine and 
he like, and d.azod.carboxyHc acid d.ester using hydrogen azide, DPPA, zinc azide bispyridine complex salt and the 

. i ^ ' nert S 6nt SUCh 88 t0 ' Uene ' tetrah y drofuran and the «ke generally at a reaction temperature of from -30«C 
10 1 uu o. 

Step i: Compound (XV) is reduced to give compound (XVI). 

[0051] For this reaction, catalytic reduction using palladium, platinum, nickel and the like, reduction by metalhvdride 
reduction by triphenylphosphine, thiol, sulfide, diborane, or transition metal and the like are mentioned 
Step J: Compound (XVI) is reacted with compound (XVII) or (XVII') to give compound (XIX) 
[0052] The reaction is carried out in the presence of a base such as triethylamine, diisopropylethylamine and the 
like in an inert sotent such as N-methyl-2-pyrrolidone, N.N-dimethylformamide, tetrahydrofuran and the like at a tem- 
perature of from 0°C to near boiling point of solvent, preferably from 0°C to 80"C. 

?LL^ C ° mp0Und (XVI) is reacted with compound (XVIII), which is followed by reduction to giv compound (XIX) 
[0053] This reaction is carried out in the presence of sodium borohydride, sodium cyanoborohydride, sodium triac- 
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toxyborohydride and the lik in an inert solvent such as methanol, ethanol, dichlorom than , 1 ,2-dichloro than , 
tetrahydrof uran, acetonitril , 1 ,4-dioxan and the lik , and using, where necessary, an acid catalyst such as acetic 
acid, p-toluenesulfonic acid, boron trifluoride diethyleth r complex and the like, g nerally at a temperature of from 0°C 
to 100°Cfor10minto20hr. 
5 [0054] By r p ating Step j or k as necessary, compound (XIX) 

wh rein R 1 and R 2 may be the same or diff rent can b obtained. St p I: Compound (XIX) is directly obtained from 
compound (XI). 

[0055] The reaction is carried out in the presence of phosphines such as triphenylphosphine, tributyiphosphlne and 
the like and diazodicarboxylic acid diester using iminodicarbonates, sulfonamides, a nitrogen-containing compound 
10 having N-H hydrogen and having high acidity, and the like in an inert solvent such as toluene, tetrahydrof uran and the 
like. 

Step m: Compound (XI) is oxidized to give (XX). 

[0056] This reaction is carried out by, for example, a method using pyridine sulfur trioxide complex and dimethyl 
sulfoxide at room temperature. Examples of useful other methods include a method using alkaline potassium perman- 

15 ganate solution; a method using oxalyl chloride, dimethyl sulfoxide and tertiary amine; a method using acetic anhydride 
and dimethyl sulfoxide; a method using EDC and dimethyl sulfoxide with dichloroacetic acid as a catalyst; a method 
using chromium oxide (XI) pyridine complex in dichloromethane; a method using aqueous sodium hypochlorite solution 
with TEMPO free radical as a catalyst in the presence of sodium bromide in ethyl acetate and toluene, and the like. 
Step n: Compound (XX) is reacted with compound (XXI), which is followed by reduction to give compound (XIX). 

20 [0057] This reaction is earned out in the presence of sodium borohydride, sodium cyanoborohydride, sodium triac- 
etoxyborohydride and the like, in an inert solvent such as methanol, ethanol, dichloromethane, 1 ,2-dichloroethane, 
tetrahydrof uran, acetonitrile, 1 ,4-dioxane and the like, and using as necessary an acidic catalyst, such as acetic acid, 
p-toluenesulfonic acid, boron trifluoride diethyl ether complex and the like generally at a temperature of from 0°C to 
100°Cfor10minto20hr. 

25 [0058] The compound (XXI) can be synthesized by a known method. 
Step o is the same as Step e of Scheme 1 . 

[0059] The production method of a compound of the formula (I) wherein X is -NR3COR 4 is shown in Scheme 3. 
30 Scheme 3 



o . 

35 NHR* ' 1 ™ ' "N" "R* ^N^R 4 



40 





2 step p * r3S' N /Nf - ^Z step * 



O 
(XXV) 



wherein each symbol in the formula is as defined above. 

[0060] The compound (XXIII) is the same as compound (XVI) obtained in Scheme 2 or a compound (XIX) wherein 
45 one of R 1 and R 2 is hydrogen atom. 

Step p: Compound (XXIII) is reacted to give amide compound (XXIV). 

[0061] The reaction is carried out using R^OCI or R 4 C0 2 H after conversion to an acid halide with thionyl chloride, 
thionyl bromide and the like or conversion to a mixed acid anhydride with pivaloyl chloride, isobutyl chloroformate and 
the like, in the presence of a tertiary base such as triethylamine, pyridine, N,N-dimethylaniline and the like, in an inert 

so solvent such as toluene, hexane, tetrahydrof uran, 1,4-dioxane, ethyl acetate, chloroform, N,N-dimethylformamide, 
dimethyl sulfoxide, hexamethylphosphoramide and the like, generally from 0°C to 120°C for 10 min to 10 hr. 
[0062] For the reaction with R 4 C0 2 H, a condensation agent shown in Step a can be also used and the reaction is 
carried out in an inert solvent such as acetonitrile, tetrahydrof uran, dichloromethane, chloroform, N,N-dimethylforma- 
mide and the like generally at a temperature of from -30°C to 80°C, preferably from -1 0°C to 25°C. 

55 [0063] Step q is the same as Step e of Scheme 1 . 

[0064] The production method of a compound of th formula (I) wherein X is •NR 5 CONR 6 R 7 is shown in Schem 4. 
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Scheme 4 



NHR 5 




0 



step r 




O 



step s 




wherein each symbol In the formula is as defined above. 

[0065] The compound (XXVI) is the same as compound (XVI) obtained in Scheme 2 or a compound (XIX) wherein 
one of R1 and R 2 is hydrogen atom. 

Step r: Compound (XXVI) is reacted to give urea compound (XXVII). 

[0066] The reaction is carried out using isocyanate such as R*-NCO and the like in an inert solvent such as toluene 
chloroform, dichloromethane, tetrahydrof uran and the like generally at a temperature of from -20°C to 80°C preferably" 
from 0°C to 25°C. 7 

[0067] Alternatively, there is a method using, for example, carbodiimidazole, phosgene, diphosgene (trichloromethyl 
chloroformate), triphosgene [bis(trichloromethyl)carbonate] and the like, together with an amine represented by RW 
NH and a tertiary base such as triethylamine and the like. 
[0068] Step s is the same as Step e of Scheme 1 . 

[0069] The production method of a compound of the formula (I) wherein X is -NR*S0 2 R 9 is shown in Scheme 5. 
Scheme 5 



NHR 8 - 




RV,.S0 2 R 9 
• N 



RV^SOaR 9 

N 



step t r3S- n1 ^N^ x . step u j^i-^C^ 



wherein each symbol in the formula is as defined above. 

[0070] The compound (XXIX) is the same as compound (XVI) obtained in Scheme 2 or a compound (XIX) wherein 
one of R 1 and R 2 is hydrogen atom. 

Step t: Compound (XXIX) is reacted to give sulfonamide compound (XXX). 

[0071 ] The reaction is carried out using suifonyl chloride such as R9-S0 2 CI and the like in the presence of an organic 
base such as tnethylamine, pyridine and the like or an inorganic base such as sodium carbonate, potassium carbonate 
sodium hydrox.de and the like, in a solvent such as water, toluene, chloroform, dichloromethane, tetrahydrof uran and 
the like generally at a temperature of from -20°C to 80°C. 

[0072] Alternatively, there is a method wherein compound (XXIX) and sulfuryi chloride are reacted in the presence 
of a tertiary base such as triethylamine and the like in an inert solvent such as chloroform, dichloromethane tetrahy- 
drofuran and the like to give sulfamyl chloride, which is reacted with aryl compound in the presence of a Lewis acid 
such as aluminum chloride and the like. 
[0073] Step u is the same as Step e of Scheme 1 . 

[0074] A different production method of compound (XXII) is shown in Scheme 6. This production method is useful 
when both R 1 and R 2 are not hydrogen atoms. 
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Scheme 6 



10 



15 



20 




wherein R 40 is alky! such as methyl, ethyl and the like, benzyl and the like, and other symbols are as defined above. 
Step v is the same as the method for conversion of compound (XI) to compound (XIX) shown in Scheme 2. 

30 step w: Ester-protected carboxyl group of compound (XXXIII) is deprotected to give compound (XXXIV). 

[0075] For reaction, general deprotectioncan be used. For example, sodium hydroxide, potassium hydroxide, sodium 
carbonate, potassium carbonate and the like are hydrolyzed under alkali conditions, or when R 40 is benzyl, catalytic 
hydrogenation and the like are conducted in the presence of platinum, palladium and the like, in an inert solvent such 
as methanol, ethanol and the like for deprotection. 

35 step x: Compound (VIII) and compound (XXXIV) are reacted to give amide compound (XIX). 

[0076] The reaction is carried out using a condensation agent shown in Step a, in an inert solvent such as acetonitrile, 
tetrahydrofuran, dichloromethane, chloroform, N.N-dimethylformamide and the like generally at a temperature of from 
-30°C to 80°C, preferably from -1 0°C to 25°C. 

[0077] The compound of the formula (XXIV) shown in Scheme 3, the compound of the formula (XXVII) shown in 
40 Scheme 4 and the compound of the formula (XXX) shown in Scheme 5 can be produced by the routes shown in Scheme 
6. 

[0078] The production method of compound (XXII), wherein the asymmetric carbon, to which NR 1 R 2 is bonded, is 
shown by S configuration, is shown in Scheme 2 using the compound of the formula (XI) as a starting material, and in 
Scheme 6, using the compound of the formula (XXXII) as a starting material. 
45 [0079] Besides the above-mentioned, a compound (XXI I'), wherein the asymmetric carbon, to which NR 1 R 2 is bond- 
ed, is shown by R configuration, 



50 




(XXIf) 



o 



wherein ach symbol in the formula is as defined above, can b also produced by a method similar to the one mentioned 
above using compound (XI') 
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wherein each symbol in the formula is as defined above, or a compound (XXXII 1 ) 

OH 

pooqi) 



OH 

A 



luS" WHIT 1 ' 01 'IT f0miUla fe 88 d6fined ab0ve ' as a starti "9 mat ^'- 
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b detenmin d as appropriately according to th administration object. Gen rally, when orally administered to an adult, 
0.01 -1 000 mg/kg body weight/day, pr f rably 0.05-500 mg/kg body weight/day, is pr f rably administered one a day 
or in several doses a day. 

5 Exampl s 

[0089] The present invention is explained in detail by referring to Reference Examples and Examples, which are not 
to be construed as limitative. 

[0090] 1 H-NMR was measured at 300 MHz unless particularly indicated. The chemical shift of 1 H-NMR relative delta 
io (5) value was expressed in parts per million (ppm) using tetramethylsilane (TMS) as the internal standard. For the 
coupling constant, obvious multiplicity is shown in hertz (Hz) using s (singlet), d (doublet), t (triplet), q (quartet), quint 
(quintet), m (multiplet), dd (doublet of doublets), td (triplet of doublets), brs (broad singlet) and the like. Thin-layer 
chromatography used was manufactured by Merck, and column chromatography was performed using silica gel man- 
ufactured by Fuji silysia chemical. 
15 [0091] For drying organic solutions in extraction, anhydrous sodium sulfate or anhydrous magnesium sulfate was 
used, unless particularly indicated. 

Reference Example 1 

20 [0092] Synthesis of (S)-1 -((2S,4S)-1 -tert-butoxycarbonyl-4-hydroxy-2-pyrrolidinylcarbonyl)-2-cyanopyrrolidine 

(1 ) N-tert-Butoxycarbonyl-L-cis-4-hydroxyproline (23.1 g) and imidazole (30.0 g) were dissolved in DMF (300 mL). 
tertButyldimethylsilyl chloride (33.3 g) was added thereto. After stirring at room temperature for 16 hr, water (300 
mL) was gradually added under ice-cooling. The reaction solution was acidified with 10% aqueous citric acid so- 

25 lution and extracted with ethyl acetate. The extract was washed 3 times with water and with brine, and dried. The 

solvent was distilled away under reduced pressure. The residue was purified by silica gel chromatography to give 
N-tert-butoxycarbonyl-L-cis-4-tert-butyldimethylsilyioxyproline (27.4 g) as a white solid. 

(2) The above-mentioned compound (27.4 g) and (S)-2-cyanopyrrolidine hydrochloride (1 0.4 g) were dissolved in 
DMF (250 mL), and triethylamine (10.9 mL), HOBT (14.3 g) and EDC hydrochloride (18.0 g) were added succes- 

30 sively. The mixture was stirred at room temperature for 1 5 hr. The reaction mixture was added to saturated aqueous 

sodium hydrogencarbonate solution, and extracted with ethyl acetate. The extract was washed with water and 
brine, and dried. The solvent was evaporated under reduced pressure. The residue was purified by silica gel 
chromatography to give (S)-1 -[(2S,4S)-1 -tert-butoxycarbonyl-4-tert-butyldimethyisilyloxy-2-pyrrolidinylcarbonyl]- 
2-cyanopyrrolidine (25.3 g) as a slightly yellow oil. 

35 (3) The above-mentioned compound (25.3 g) was dissolved in tetrahydrof uran (300 mL), and a 1 .0 mol/L solution 

(60 mL) of tetrabutylammonium fluoride in tetrahydrofuran was added dropwise under ice-cooling. The mixture 
was stirred at room temperature for 3 hr, and the solvent was evaporated under reduced pressure. The residue 
was added to brine, and extracted with ethyl acetate. The extract was dried, and the solvent was evaporated under 
reduced pressure. The residue was purified by silica gel chromatography to give the title compound (20.6 g) as a 

40 white solid. 

1 H-NMR(DMSO-d 6 )51.25-1.45(9H,m), 1,50-1 .64(1 H,m), 1.95-2.30(4H,m), 2.98-3.1 3(1 H,m), 3.30-3.67(4H,m), 
4.1 3-4.26(1 H,m), 4.30-4.42(1 H,m), 4.77-4.88(1 H,m), 5.16(1H,d,J=6.5Hz). 

Reference Example 2 

45 

[0093] Synthesis of (S)-1 -((2S,4R)-1 -tert-butoxycarbonyl-4-hydroxy-2-pyrrolidinylcarbonyl)-2-cyanopyrrolidine 
[0094] N-tert-Butoxycarbonyl-L-trans-4-hydroxyproline (68.4 g) and (S)-2-cyanopyrrolidine hydrochloride (39.2 g) 
were dissolved in DMF (350 mL), and triethylamine (41 .4 mL), HOBT (49.9 g), and EDC hydrochloride (62.5 g) were 
successively added. The mixture was stirred at room temperature for 15 hr. The reaction mixture was concentrated 
so and brine and saturated aqueous sodium hydrogencarbonate solution were added to the residue. The precipitated 
crystals were collected by filtration. The filtrate was extracted with ethyl acetate and the extract was dried. The solvent 
was evaporated under reduced pressure. The residue and the crystals were combined and washed with ethyl acetate 
to give the title compound (60.7 g) as a white solid. 

1 H-NMR(CDCI 3 )51.30-1.45(9H,m), 1.54-2.38(5H,m), 3.30-3.93(5H,m), 4.49-4.89(3H,m). 

55 

R f r nc Exampl 3 

[0095] Synthesis of (S)-1 -((2S,4S)-4-amino-1 -tert-butoxycarbonyl-2-pyrroiidinylcarbonyl)-2-cyanopyrrolidine 
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(1 ) (S)-1 -((2S,4R)-1 -tert-Butoxycart>onyl-4-hydroxy-2-pyrrolidinylcarbonyO-2-cyanopyrrolidin (title compound of 
Reference Example 2, 60.7 g) and triethylamin (30.1 mL) were dissolv d in DMF (300 mL). Methanesulfonyl 
chlonde (16 mL) was added thereto under ic -cooling. After stirring at room temperatur for 3 hr, the reaction 
mixture was washed with water and dried. The solvent was evaporated under reduced pressure. Ethanol was 
added to the residue to give (S)-1-((2S,4R)-1-t rt-butoxycaroonyM-methanesulfonyloxy-2-pyrrolidinylcarbonyl)- 
2-cyanopyrrohdine (64.1 g) as a white solid. 1 * ' 

(2) The above-mentioned compound (64.1 g) and sodium azide (11 .8 g) were dissolved in DMF (250 mL) and the 

T^! 8 f TO . d 31 8510 f ° r 5 hr 71,9 reaction mixture was added t0 water and th « Precipitated crystals were 
collected by filtration to give (S)-1-((2S,4S)-4-azido-1-tert-butoxycarbonyl-2-pyrrolidinylcarbonyl)-2-cyanopyrroli- 
dine (50.1 g) as a white solid. 

(3) The above-mentioned compound (50.1 g) was dissolved in ethanol (500 mL). The mixture was stirred under a 
hydrogen atomosphere (1 atm) in the presence of 5% palladium/barium sulfate (5.9 g). The reaction mixture was 
filtrated and the filtrate was concentrated under reduced pressure. Diethyl ether was added thereto and the pre- 
cipitated solid was collected by filtration to give the title compound (45.5 g) as a white solid 
^ K N SM D u CI^) ^ S1 • 23 " 1 • 52(10H • m) • 1 - 60 - 2 - 4 W m ). 2.86-3.00(1 H,m), 3.43-3.65(3H,m), 4.25^.40(1 H,m), 

Reference Example 4 

[0096] Synthesis of (2S,4R)-1 -tert-butoxycarbonyl-4-(5-cyano-2-pyridyl)aminopyrrolidine-2-carboxylic acid 

(1) N-tert-Butoxycarbonyl-L-cis-4-hydroxyproline (24.5 g) and triethylamine (15.4 mL) were dissolved in dichlo- 
romethane (500 mL). Methanesulfonyl chloride (8.1 mL) was added thereto under ice-cooling. Afterstirring at room 
temperature for 3 hr, the reaction mixture was washed with water and dried. The solvent was evaporated under 
reduced pressure. The residue was dissolved in DMF (250 mL) and sodium azide (7.1 5 g) was added The mixture 
was st.rred at 80°C for 3 hr, added to water and extracted with ethyl acetate. The extract was dried, and the solvent 
was evaporated under reduced pressure. The residue was purified by silica gel chromatography to give methyl 
(2S,4R)-4-a2ido-1-tert-butoxycaibonylpyrrolidine-2-carboxylate (18.4 g) as an oil 

(2) The above-mentioned compound (18.3 g) was dissolved in methanol (200 mL), and the mixture was stirred 
under a hydrogen atomosphere (1 atm) in the presence of 5% palladium/carbon (5.9 g). The reaction mixture was 
filtrated and the filtrate was concentrated under reduced pressure to give methyl (2S,4R)-4-amino-1-tert-butoxv- 
carbonylpyrrolidine-2-carboxylate(16.6g)asanoil. 

(3) The above-mentioned compound (3.32 g) and triethylamine (1.4 mL) were dissolved in tetrahydrofuran (20 
mL), and 2-chloro-5-cyanopyridine(1 .0 g) was added thereto. The mixture was stirred at 80"C for4 hr The reaction 
mixture was added to water and extracted with ethyl acetate. The extract was washed with saturated aqueous 
sodium hydrogencarbonate solution and brine, and dried. The solvent was evaporated under reduced pressure 
andthe residue waspurified by silica gel chromatography to give methyl (2S,4R)-1-tert-butoxycarbonyl-4-(5-cyano^ 
2-pyndylamino)pyrrolidine-2-carboxylate (1 .2 g) as a white solid. 

(4) The above-mentioned compound (0.94 g) was dissolved in methanol (30 mL), and 1 mol/L aqueous sodium 
hydroxide solution (3.0 mL) was added thereto. The mixture was stirred at room temperature for 1 5 hr The reaction 
mixture was concentrated and 5% aqueous citric acid solution was added to the residue. The mixture was extracted 
with ethyl acetate, and the extract was washed with brine and dried. The solvent was evaporated under reduced 
pressure to give the title compound (0.75 g) as amorphous. 

lH-NMR(CDCl3)81.33-1.57(9H,m), 2.14-2.68(2H.m), 3.27-3.55(1 H,m), 3.82^1.00(1 H.m), 4.33-4.57(2H m) 6 23 
(1H,brs), 6.50(1 H,d,J=8.7Hz), 7.64(1 H,dd,J=8.7,2.1H2)8.33(1H,d,J=2.1 Hz). ^ 

Reference Example 5 

[0097] Synthesis of (2S,4S)-4-(2-benzoxazolyl)amino-1 -tert-butoxycarbonylpyrrolidine-2-carboxylic acid 

(1) N-tert-Butoxycarbonyl-L-trans-4-hydroxyproline (20.7 g) and triethylamine (15.4 mL) were dissolved in dichlo- 
romethane (400 mL). p-Toluenesulfonic acid chloride (16.8 g) was added thereto under ice-cooling. After stirring 
at room temperature for 1 5 hr, the reaction mixture was washed with water and dried. The solvent was evaporated 
under-reduced pressure and the residue was purified by silica gel chromatography to give methyl (2S 4R)-1-tert- 
butoxycarbonyl-4-(p-toluenesulfonyloxy)pyrrolidine-2-carboxylate (11.7 g). 

(2) The above-mentioned compound (11.7 g) was dissolved in DMF (100 mL), and sodium azide (1.95 g) was 
added thereto. The mixture was stirr d at 80->C for 3 hr. The reaction mixture was added to water, and extracted 
with ethyl acetate. The extract was dried, and the solvent was evaporated under reduced pressure. The residue 
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was purified by silica gel chromatography to giv m thyl (2S,4S)-4-azid -1-tert-butoxycarbonylpyrrolidine-2-car- 
boxylate (7.99 g) as an oil. 

(3) Th above-mention d compound (7.99 g) was dissolved in methanol (1 50 mL). Th mixture was stirred under 
a hydrogen atomosphere (1 atm) in the pres nc of 10% palladium/carbon (2 g). The r action mixtur was filtrated 

s and the filtrate was concentrat d under reduc d pressure to giv methyl (2S,4S)-4-amino-1-t rt-butoxycarbo- 

nylpyrrolidine-2-carboxylate (7.23 g) as an oil. 

(4) The above-mentioned compound (2.4 g) and triethylamine (1 .4 mL) were dissolved in tetrahydrofuran (20 mL), 
and 2-chlorobenzoxazole (0.82 mL) was added thereto. The mixture was stirred at 60°C for 3 hr. The reaction 
mixture was added to water, and extracted with ethyl acetate. The extract was washed with saturated aqueous 

10 sodium hydrogencarbonate solution and dried. The solvent was evaporated under reduced pressure and the res- 

idue was purified by silica gel chromatography, to give methyl (2S,4S)-4-(2-benzoxazolyl)amino-1 -tert-butoxycar- 
bonylpyrrolidine-2-carboxylate (1 .49 g) as amorphous. 

(5) The above-mentioned compound (1.49 g) was dissolved in methanol (50 mL), and 1 mol/L aqueous sodium 
hydroxide solution (5.0 mL) was added thereto. The mixture was stirred for 15 hr and concentrated. The residue 

15 was extracted with water and the extract was washed with ethyl acetate. 5% Aqueous citric acid solution was 

added thereto to give the title compound (1 .39 g) as a white solid. 

iH-NMR(DMSO-d 6 )51.28-1.50(9H,m), 1 .93-2.08(1 H,m), 2.53-2.75(1 H.m), 3.1 8-3.30(1 H,m), 3.77-4.33(2H,m), 
6.97-7.40(4H,m), 8.06-8.1 6(1 H,m), 12.63(1 H.brs). 

20 Reference Example 6 

[0098] Synthesis of (2S,4R)-4-(2-benzoxazolyl)amino-1 -tert-butoxycarbonylpyrrolidine-2-carboxylic acid 

(1) Methyl (2S,4R)-4-amino-1-tert-butoxycarbonylpyrrolidine-2-cart)oxylate [product of Reference Example 4(2), 
25 3.32 g] and triethylamine (1 .4 mL) were dissolved in tetrahydrofuran (20 mL). 2-Chlorobenzoxazole (0.86 mL) was 

added thereto and the mixture was stirred at room temperature for 48 hr. The reaction mixture was added to water 
and extracted with ethyl acetate. The extract was washed with saturated aqueous sodium hydrogencarbonate 
solution and brine, and dried. The solvent was evaporated under reduced pressure and the residue was purified 
by silica gel chromatography to give methyl (2S,4R)-4-(2-benzoxazolyl)amino-1-tert-butoxycarbonylpynrolidine- 
30 2-carboxylate (1 .48 g) as a white solid. 

(2) The above-mentioned compound (1 .31 g) was dissolved in methanol (30 mL) and 1 mol/L aqueous sodium 
hydroxide solution (4.4 mL) was added thereto. The mixture was stirred at room temperature for 15 hr and the 
reaction mixture was concentrated. To the residue was added 5% aqueous citric acid solution and the mixture was 
extracted with ethyl acetate. The extract was washed with brine and dried. The solvent was evaporated under 

35 reduced pressure to give the title compound (1 .11 g) as a white solid. 

lH-NMR(CDCI 3 )51.32-1.68(9H,m), 2.20-2.80(2H,m), 3.37-3.62(1 H t m), 3.88-4.1 0(1 H,m), 4.37-4.68(2H,m), 
7.01-7.43(4H,m). 

Reference Example 7 

40 

[0099] Synthesis of (2S,4S)-4-benzoylamino-1 -tert-butoxycarbonylpyiTolidine-2-carboxylic acid 

(1) Methyl (2S,4S)-4-amino-1-tert-butoxycarbonylpyrrolidine-2-carboxylate [product of Reference Example 5(3), 
2.4 g] and triethylamine (2.0 mL) were dissolved in tetrahydrofuran (20 mL), and benzoyl chloride (1 .1 mL) was 

45 added thereto. The mixture was stirred for 1 hr. The reaction mixture was added to water and extracted with ethyl 

acetate. The extract was washed with saturated aqueous sodium hydrogencarbonate solution and dried. The sol- 
vent was evaporated under reduced pressure and the residue was purified by silica gel chromatography to give 
methyl (2S,4S)-4-benzoylamino-1-tert-butoxycarbonylpyrrolidine-2-cari30xylate (1.63 g) as a white solid. 

(2) The above-mentioned compound (1.5 g) was dissolved in methanol (50 mL) and 1 mol/L aqueous sodium 
so hydroxide solution (4.7 mL) was added thereto. The mixture was stirred for 15 hr. The reaction mixture was con- 
centrated and 5% aqueous citric acid solution was added to the residue. The mixture was extracted with ethyl 
acetate, and the extract was washed with brine and dried. The solvent was evaporated under reduced pressure 
to give the title compound (1 .1 g) as amorphous. 

55 Reference Example 8 

[0100] Synthesis of (2S,4R)-4-b nzoy!amino-1-tert-butoxycart)onylpyrrolidine-2-cartDOxylic acid 
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(1) The product (3.32 g) of Reference Exanipl 4(2) and triethylamine (1 .4 mL) w r dissolved in tetrahydrofiiran 
(20 mL) and benzoyl chlonde (0.87 mL) was added thereto. The mixture was strr d for 1 hr. Th reaction mixture 
was added to water and xtracted with ethyl acetate. The extract was washed with saturated aqueous sodium 
hydrogencarbonate solution and dried. The solvent was evaporated under r due dpressur and the residue was 
punhed by s.Uca gel chromatography to giv methyl (2S,4R)-4-benzoylamino-1-tert-butoxycarbonylpyrrolidine- 
2-carboxylat (2.4 g) as amorphous. 

(2) The above-mentioned compound (2.4 g) was dissolved in methanol (80 mL), and 1 mol/L aqueous sodium 
hydrox.de soluton (8.2 mL) was added thereto. The mixture was stirred for 15 hr. The reaction mixture was con- 
cen rated and 5% aqueous citric acid solution was added to the residue. The mixture was extracted with ethyl 
acetate and the extract was washed with brine and dried. The solvent was evaporated under reduced pressure 

mhIV?«S Z^u™? 9) 38 8 White S ° ,id 1H - NMR ( C DCI3)51 .33-1 .65(9H,m), 2.12-2.75(2H,m), 3.31-3.60 
(1H,m), 3.84-4.00(1 H,m), 4.30-4.81 (2H,m), 6.16-6.55(4H.m), 7.38-7.80(5H.m). 

Reference Example 9 



K S i yntheS ' S ° f 3 - [(2S ' 4R )- 1 - te rt-butoxycarbonyM-hydroxy-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine 
S rt ^ e rS^°f?^!i' t ^ n8 " 4 * ydr ° Xypr0line (694 9) ^^iazolidine (29.4 g) were dissolved in DMF (300 
mL), and HOBT (50.5 g) and EDC hydrochloride (63.3 g) were successively added thereto. The mixture was stirred at 
room temperature for 1 8 hr and the reaction mixture was concentrated. To the concentrate were added brine and 
saturated aqueous sodium hydrogencarbonate solution, and the mixture was extracted with ethyl acetate. The extract 
JJJjJJ the solvent was eva P°rated under reduced pressure to give the title compound (56.3 g) as a colorless 

iH-NMR(CDCI 3 )51.41-1.45(9H,m),1.95-2.34(2H,m)2.62-3^5(2H,m), 3.40-3.98(4H,m),4.40-4.90(4H,m). 
25 Reference Example 10 

[0103] Synthesis of 3-((2S,4S)-4-amino-1 -tert-butoxycarbonyl-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine 

(1) 3-«2S,4R)-1-tert-Butoxycarbonyl-4-hydroxy-2-pyrrolidinylcarbonyl)-1,3-thiazolidine (title compound of Refer- 
ence Example 9, 56.3 g) and triethylamine (28.5 mL) were dissolved in dichloromethane (1 .0 1), and methanesul- 
fonyl chlonde (1 51 mL) was added thereto under ice^ooling. After stirring under ice-cooling for 1 hr, the reaction 
mixture was washed with water and dried. The solvent was evaporated under reduced pressure to give 3-((2S 
2X1 u * rto ^* on y^ ethane8Ulf <>nyloxy.2-pyrrolidinylcarbonylH ,3-thiazolidine (70.5 g) as an oil 

(2) The above-mentioned compound (70.5 g) and sodium azide (13.3 g) were dissolved in DMF (500 mL) and the 

l^f™ 6 ^ 8 °' C f0f 5 hr The reacti0n mixture was concentrated under reduced pressure and water 
was added thereto. The mixture was extracted with ethyl acetate, and the organic layer was dried and concentrated 

ELUS" ^ o U ,M ed S Sili f 961 chromato 9 ra P"y to give 3-((2S,4S)-4-azido-1-tert-butoxycarbonyl-2-pyrro- 
lidinylcarbonyl)-1 ,3-thiazolidine (39.5 g) as a white solid. 

(3) The above-mentioned compound (26.7 g) was dissolved in ethanol (270 mL) and the mixture was stirred under 
a hydrogen atomosphere (1 atm) for 1 8 hr in the presence of 1 0% palladium carbon catalyst (1 3.4 g). The reaction 
mixture was filtrated and the filtrate was concentrated under reduced pressure to give the title compound (24 5 g) 
as a black solid. * * w 

Reference Example 11 

[0104] Synthesis of 3-((2S,4S)-1-tert-butoxycarbonyM-hydroxy-2-pyrrolidinylcarbonyl)-1 > 3-thiazolidine 

(1) N^ert-Butoxycarbonyl-L-cis-4-tert-butyldimethylsilyloxyproline [product of Reference Example 1 (1), 5 55 ql 
and thiazol.d.ne (1 .4 mL) were dissolved in DMF (55 mL), and triethylamine (2.24 mL), HOBT (2 96 g) and EDC 
hydrochlonde (3.70 g) were successively added thereto. The mixture was stirred at room temperature for 13 hr. 
The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution, and extracted with 
ethyl acetate. The extract was washed with water and brine and dried. The solvent was evaporated under reduced 
pressure and the residue was purified by silica gel chromatography to give 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-tert- 
butyldimethylsilyloxy-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (3.41 g) as a white solid 

(2) The above-mentioned compound (3.36 g) was dissolved in tetrahydrofuran (50 mL), and a 1 .0 mol/L solution 
(9 mL) tetrabutylammonium fluoride in tetrahydrofuran was added dropwise under ice-cooling. The mixture was 
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stirred at room temperatur for 1 8 hr, and th solvent was evaporated under r duced pressur . Th residu was 
added to brine and extracted with thyl acetat . The extract was dri d and th solvent was evaporated under 
r duced pressure. Th residue was purified by silica gel chromatography to giv th title compound (2.44 g) as a 
whit solid. 

5 iH-NMR(DMSO-d 6 )51.25-1.45(9H,m), 1 .52-1 .70(1 H,m), 2.35-2.50(1 H,m), 2.95-3.20(3H,m), 3.50-3.80(3H,m), 

4.1 0-4,25(1 H,m), 4.37-4.78(3H,m), 5.18(1H,brs). 

Reference Example 12 

10 [0105] Synthesis of 3-((S)-1 -tert-butoxycarbonyl-4-oxo-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine 

[0106] The title compound (55.4 g) of Reference Example 9 and triethylamine (46 mL) were dissolved in dichlo- 
romethane (350 mL). A solution of sulfur trioxide pyridine complex (52.4 g) in dimethyl sulfoxide (1 50 mL) was added 
thereto under ice-cooling, and the mixture was stirred for 2 hr. Saturated aqueous sodium hydrogencarbonate solution 
was added to the reaction mixture, arid the mixture was extracted with ethyl acetate. The extract was washed with 

is brine and dried. The solvent was evaporated under reduced pressure and the residue was purified by silica gel chro- 
matography to give the title compound (30.3 g) as a white solid. 

1H-NMR(CDCI 3 )81.47(9H,S), 2.45-2.57(1 H,m), 2.70-2.93(1 H,m), 2.97-3.22(2H,m), 3.66-3.78(0.6H,m), 3.80-4.10(31-1, 
m), 4.28-4.38(0.4H,m), 4.45-5.08(3H,m). 

20 Reference Example 1 3 

[01 07] Synthesis of (2S,4S)-1 -tert-butoxycarbonyl-4-(1 -indolyl)pyrrolidine-2-carboxylic acid 

(1) N-tert-Butoxycarbonyl-L-trans-4-hydroxyproline benzyl ester (20.3 g) and triethylamine (17.6 mL) were dis- 
ss solved in dichloromethane (1 20 mL), and a solution of sulfur trioxide pyridine complex (25.1 g) in dimethyl sulfoxide 

(60 mL) was added thereto under ice-cooiing, and the mixture was stirred for 5 hr. Saturated aqueous sodium 
hydrogencarbonate solution was added to the reaction mixture, and the mixture was extracted with ethyl acetate. 
The extract was washed with brine and dried. The solvent was evaporated under reduced pressure and the residue 
was purified by silica gel chromatography to give benzyl (S)-1 -tert-butoxycarbonyl-4-oxopyrrolidine-2-carboxylate 
30 (9.76 g) as an oil. 

(2) The above-mentioned compound (2.50 g), indoline (1 .05 mL) and acetic acid (0.45 mL) were dissolved in 
1 ,2-dichloroethane (40 mL), and sodium triacetoxyborohydride (3.32 g) was added thereto. The mixture was stirred 
at room temperature for 6 hr and saturated aqueous sodium hydrogencarbonate solution was added to the reaction 
mixture. The mixture was extracted with ethyl acetate, and the extract was washed with brine and dried. The solvent 

35 was evaporated under reduced pressure and the residue was purified by silica gel chromatography to give benzyl 

(2S,4S)-1-tert-butoxycarbonyl-4-(1-indolinyl)pyrroiidine-2-carboxylate (2.59 g) as an oil. 

(3) The above-mentioned compound (2.53 g) was dissolved in acetone (50 mL) and manganese dioxide (7.51 g) 
was added thereto. The mixture was stirred at room temperature for 12 hr and the reaction mixture was filtrated. 
The filtrate was concentrated under reduced pressure and the residue was purified by silica gel chromatography 

40 to give benzyl (2S,4S)-1-tert-butoxycarbonyl-4-(1-indolyl)pyrrolidine-2-carboxylate (2.43 g) as an oil. 

(4) The above-mentioned compound (2.42 g) was dissolved in methanol (50 mL) and the mixture was stirred under 
a hydrogen atomosphere (1 atm) for 20 hr in the presence of 1 0% palladium/carbon (0.25 g). The reaction mixture 
was filtrated and the filtrate was concentrated under reduced pressure to give the title compound (1 .91 g) as a 
pale-green solid. 

45 1H-NMR(CDCI 3 )51.49(9H,S), 2.37-3.00(2H,m), 3.60-3.85(1 H,m), 4.05-4.25(1 H,m), 4.40-4.60(1 H,m), 4.95-5.10 

(1H,m), 6.54(1H,s), 7.13(1 H,t,J=7.7Hz), 7.18-7.28(2H,m), 7.38(1 H,d,J=8.2Hz), 7.62(1 H,d,J=7.7Hz). 

Reference Example 14 

so [01 08] Synthesis of 1 -((S)-1 -tert-butoxycarbonyl-4-oxo-2-pyrrolidinylcarbonyl)py rrolidine 

(1) N-tert-Butoxycarbonyl-L-trans-4-hydroxyproline (46.25 g) and pyrrolidine (18 mL) were dissolved in DMF (200 
mL), and HOBT (45.5 g) and EDC hydrochloride (46.0 g) were successively added thereto. The mixture was stirred 
at room temperature for 1 3 hr, and the solvent was evaporated under reduced pressure. Saturated aqueous sodium 

55 hydrogencarbonate solution was added to the residue, and the mixture was extracted with ethyl acetate. The 

xtract was dried and th solvent was vaporated under reduced pressure to giv 1 -((2S,4R)-1 -tert-butoxycarb- 
onyl-4-hydroxy-2-pyrrolidinylcart)onyl)pyrrolidin (59.3 g) as an oil, 

(2) The above-mentioned compound (59.3 g) and triethylamine (41 mL) wer dissolved in dichloromethane (350 
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»nl 1 ™ S tri ° Xide Pyridin6 C ° mpleX (46 5 9) in dimeth y' sMd < 1 00 m '-) was added thereto 

Z S h 9 " 1 mKtUre W8S StiTOd f0f 2 hr 3nd SatUrated aqueous sodium hydrogencarbonate solution 
SEfJS ?™ °" miXtUre - 1716 miXtUr Was extracted wBh acetate - and •» extract was washed with 
m a l,^h t T WaS eva P orated under reduced P™*" . The residu was purified by silica gel chro- 
matographytogiveth btle compound (11. 9 g) as a white solid 

S^^^^^\^ I ^ 4H '* 2 - 42 - 2 - 53 < 1H ' m )- 2.68- 2 .88(1H,m), 3.35-3.58(3H,m), 3.62A13 
(3H,m), 4.85(0.4H,d,J=9.0Hz), 4.99(0.6H,d,J=8.7Hz). 

Reference Example 15 

[0109] Synthesis of 3-((2S,4R)-4-amino-1-tert-butoxycarbonyl-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine 

2i2 e |^T P ° M, i ( !ff 9) ° f Re,erence Exam P ,e 1 1 was dis solved in dichloromethane (250 mL), and triethyl- 
^Lnl h?, ret0 " Methanesu,,on V | chloride ( 3 <* mL) was added to the reaction mixture under 

ZZZZTS* ^ Stirr6d f0f 1 Hr Watef W3S add6d 10 the reaction mixture and the organic layer 

was separated. The solvent was evaporated under reduced pressure and the residue was dissolved in DMF (200 
mL) Sodium az.de (3.25 g) was added thereto and the mixture was stirred at 85°C for 3 hr with heating The 
reaction modure was concentrated under reduced pressure and water was added to the residue. The mixture was 
extracted wrth ethyl acetate and the extract was concentrated under reduced pressure. The residue was purified 

EnS) 9 ^ 

2™^™ t?f « t L° n ^j X>mP ^ U !? d <9 9 9) W3S dlsso,ved ln ethano ' d 50 mL) and the mixture was stirred at room 
temperature for 18 hr under a hydrogen atomosphere (1 atm) in the presence of 10% palladium/carbon (10 q) 

2^3^ 1 - 38(4 - 5H ' S >' 2.05 (2 H,brs), 2.33-2.45(1 H.m), 

Example 1 

Kl fr^t^ 2 ^^ 

Refeicif^ 

thf^r^ ? ' 9) W8S dlSS ° ,Ved dichlorom ethane (1 8 mL), and trifluoroacetic acid (1 .8 mL) was added 

trtle compound (350 mg) as powdery white crystals y 
l^Z^^"^' 3,0-3.30(2H,m), 3.44-3.70(2H,m). 4.30-4.60(2^), 4.78-5.09(1 H.m), 

Example 2 

S m l? SiS ° f (S) - 2 ' c y an °- 1 -(( 2 S.4R)-4-hydroxy-2-pyrrolidinylcamonyl)pyrrolidine hydrochloride 
2 mL J^^T" i 309 , rn9) ° f Ref6renCe 2 Was Med in 4 mol/L hydrochloric acid-1 ,4-dioxane 

iH-NMR(DMSO-d 6 )81.85-2.44(6H,m), 3.05^.72(4H,m), 4.41,.60(2H,m), 4.78-5.1 6(1 H.m), 5 55-5.70(1H.m). 
Example 3 

L " rLf^ (title compound of 

Reference Example 3, 308 mg) was dissolved in 4 mol/L hydrochloric acid-1 ,4-dioxane (1 .25 mL). and the mixture was 

S ttT T PeratUt ! IV 7 hn ^ SOlVent WaS 6Vap0rated Under reduced P reasure anJ tetrahydSran was 
*Z MM D fnf L^ PrcC,P,tated S0Nd W3S C °' leCted by ,illra,ion t0 *• the «le compound (214 mg). 
SSSS' 4 3,7-3. 6 8(4H.m). 3.83-3.98(1 H,m), 4.^.64^), 4.84 
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Exampl 4 

[0116] Synthesis of (S)-1-((2S,4S)^-ani|jno-2-pyrrolidinylc»rbonyl)-2-cyanopyrroliclin trifluoroac tat 

5 (1) Th title compound (6.18 g) of R f rence Exampl 2 and tri thylamine (8.4 ml_) were dissolved in dimethyl 

sulfoxide (1 5 mL). Sulfur trioxid pyridine complex (9.54 g) was add dth reto. Aft r stirring at room t mp ratur 
for 1 hr, water was added to the reaction mixture, and the mixture was extracted with ethyl acetate. The extract 
was washed with water and dried. The solvent was evaporated under reduced pressure and the residue was 
purified by silica gel chromatography to give (S)-1-((2S)-1-tert-butoxycarbonyl-4«oxo-2-pyrrolidinylcart)onyl)-2-cy- 

10 anopyrrolidine (6.0 g) as an oil. 

(2) The above-mentioned compound (1 .5 g) and aniline (0.43 mL) were dissolved in methanol (25 mL), and the 
mixture was stirred at room temperature for 6 hr in the presence of molecular sieve 3A (1 .5 g). Sodium cyanoboro- 
hydride (0.315 g) and acetic acid (0.4 mL) were added to the reaction mixture, and the mixture was stirred for 1 
hr. The reaction mixture was filtrated and the filtrate was evaporated under reduced pressure. Saturated aqueous 

is sodium hydrogencarbonate solution was added to the residue, and the mixture was extracted with ethyl acetate. 

The extract was dried, and the solvent was evaporated under reduced pressure. The residue was purified by silica 
gel chromatography to give (S)-1 -((2S,4S)-4-anilino-1 -tert-butoxycarbonyl-2-pyrrolidinylcarbonyl)-2-cyanopyrroli- 
dine (0.74 g) as amorphous. 

(3) The above-mentioned compound (0.82 g) was dissolved in dichloromethane (21 mL) and trifluoroacetic acid 
20 (2. 1 mL) was added thereto. The mixture was stood at room temperature for 1 5 hr, and the solvent was evaporated 

under reduced pressure. The residue was purified by HPLC and freeze-dried to give the title compound (0.246 g) 
as amorphous. 

iH-NMR(DMSO-d 6 )51.52-2.33(5H l m), 2.87-3.22(2H,m), 3.75-5.1 3(8H,m), 6.50-6.67(3H,m), 7.03-7.20(2H,m), 
8.91 (1H,brs), 9.88(1 H,brs). 

25 

Example 5 

[01 1 7] Synthesis of (S)-2-cyano-1 -[(2S,4S)-4-(4-nitrophenyl)amino-2-pyrrolidinylcarbony0pyrrolidine hydrochloride 

30 (1 ) The title compound (0.924 g) of Reference Example 3, diisopropylethylamine (1 .7 mL) and 4-f luoronitrobenzene 

(0.53 mL) were dissolved in N-methyl-2-pyrrolidone (10 mL), and the mixture was stirred at 80°C for 15 hr. Water 
was added to the reaction mixture and the mixture was extracted with ethyl acetate. The extract was dried, and 
the solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatography to 
give (S)-1-[(2S,4S)-1-tert-butoxycarbonyl-4-(4^ 

35 g) as amorphous. 

(2) The above-mentioned compound (1.13 g) was dissolved in ethyl acetate (3.5 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (3.4 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precip- 
itated solid was collected by filtration to give the title compound (0.67 g). 

iH-NMR(DMSO-d6)81.74-2.37(6H,m), 2.90-3.1 0(1 H,m), 3.27-3.97(3H,m), 4.37-4. 70 (2H,m), 4.80-5.20(1 H,m), 
40 6.90-7.34(2H,m), 7.88-8.03(2H,m), 9.09(1 H.brs), 10.98(1 H.brs). 

Example 6 

[0118] Synthesis of (S)-2-cyano-1-[(2S,4S)-4-(4-cyanophenyl)amino-2-pyrrolidinylcarbonyl]pyrrolidine hydrochlo- 
45 ride 

(1) The title compound (924 mg) of Reference Example 3, diisopropylethylamine (1 .7 mL) and 4-fluorobenzonitrile 
(606 mg) were dissolved in N-methyl-2-pyrrolidone (1 0 mL), and the mixture was stirred at 1 00°C for 1 5 hr. Water 
was added to the reaction mixture, and the mixture was extracted with ethyl acetate. The extract was dried and 

so the solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatography to 

give (S)-2-cyano-1-[(2S,4S)-1-tert-butoxycarb 
(340 mg) as amorphous. 

(2) The above-mentioned compound (420 mg) was dissolved in ethyl acetate (1 .2 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (1.2 mL) was added thereto. The mixture was stood at room temperature for 15 hr and the 

55 precipitated solid was collected by filtration to giv the title compound (289 mg). 

1 H-NMR(DMSO-d 6 )81 .62-1 .80(1 H,m), 1 .97-2.33(4H,m), 2.90-3.24(2H,m), 3.64-3.96(3H,m), 4.20-4.63(2H,m), 
4.80-5.1 3(1 H.m), 6.70(2H,d,J=8.7Hz), 7.53(2H,d,J=8.7Hz), 9.00(1H,brs), 1 0.50(1 H.brs). 
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Exampl 7 

[0119] Synthesis of (S)-2^ano-1-[(2S,4S)^-(2^anophenyl)amino-2-pyrrolidinylcarbonyl]pyr ro iidine hydrochlo- 

(1)Th titl compound (924 mg) of Reference Exampl 3. diisopropyl thylamine(1.7mL) and2-fluorobenzonitrile 
(0.54 mL) were dissolved in N-methyl-2-pyrrolidone (10 mL). and the mixture was stirred at 1 00»C for 15 hr Water 
was added to the reaction mixture, and the mixture was extracted with ethyl acetate. The extract was dried and 

Si Tsn^sSTf ^ r 658 ^- ThG reS,dUe WaS Purified by silba 9 el chromatography to 

give (S)-1 -[(2S,4S)-1 -tert*utoxycaroonyl-4.(2^yanophenyl)amino-2-pyrrolidinylcamonyn-2-cyanopyrrolidine 
(1/7 mg) as amorphous. 

^ZTVTS^ f? mP ° Und (115 m9) W3S diSSOlVed in ethyl acetate < 05 mL >- and 4 ™"L hydrochloric 

^Jt? ^ ( f mL) W3S add6d thereta The mixture was st00d at room temperature for 15 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (46 mg) 

^M^H M , S ?^ 7 ! ) " 2 ' 36(6H,m) ' 2 - 93 - 3 - 74 < 3H ''"). 4.28-4.66(2H,m), 4.81-5.15(1H,m), 6.33(1 H,d,J=8.1 Hz) 
6.77(1 H,dd,J=8.4,8.1 Hz), 6.90(1 H,d,J=8.4Hz), 7.39-7.60(2H,m). ' 

Example 8 

d 0 rochlorid S e yntheSiS ° f (S) " 2 ^ an * H(2S ^ H - (2 - fluoro ^ n ^ hy- 

(1 ) The title compound (0.924 g) of Reference Example 3, diisopropylethylamine (1 .7 mL) and 3,4-difluoronrtroben- 
zene (0.55 mL) were dissolved in N-methyl-2-pyrrolidone (10 mL), and the mixture was stirred at 80»C for 15 hr. 
Water was added to the reaction mixture and the mixture was extracted with ethyl acetate. The extract was dried 
to a 2 rsf T, t °^ under : educed P^ure. The residue was purified by silica gel chromatography 
rohdine (0.95 g) as amorphous. K/ 

S^l°tl toT 1 ' 0 ,"^ com P° u " d j 0 95 9) was diss °'ved in ethyl acetate (3 mL), and 4 mol/L hydrochloric acid- 
ethyl acetate (2.65 mL) was added thereto. The mixture was stood at room temperature for 1 5 hr and the precip- 
itated solid was collected by filtration to give the title compound (0 63 g) 

lH-NMR(DMSO-d 6 )51.74-2.37(6H,m), 2.90-3.1 0(1 H,m), 3.27-3.97(3H,m), 4.37-4 70(2H m) 4 80-5 20f1Hnrt 
6.90-7.34(2H,m),7.88-8.03(2H,m),9.09(1H,brs),10.98(1H,brs). ™(ZH,m), 4.80 5.20(1 H,m), 

Example 9 

elt^ hy 

il ) „H?. e o ^n 0mP0Und if 24 m9) ° f ReferenCe ^^P' 6 3 ' d «^Propylethylamine (1.7 mL) and 3,4-difluoroben- 
zonrtnle (700 mg) were d,ssolved in N-methyl-2-pyrrolidone (10 mL), and the mixture was stirred at 80°C for 15 
hr. Water was added to the reaction mixture and the mixture was extracted with ethyl acetate. The extract was 
dned and he sofcent was evaporated under reduced pressure. The residue was purified by silica gel chromatog- 
raphy to g„e (S)-1 -[(2S,4S)-1 -te rt -butoxycamonyl-4-(4^ano-2-fluoropheny^ 

anopyrrohdine (920 mg) as amorphous. "yitdroonyij ^ cy 

i 2 i T ^fh!| )0Ve ^ en ^o ned 1 ? niP0Und (92 ° m9) WaS disSOlved in eth y' acetate < 25 mL ). a " d 4 mol/L hydrochloric 
acd-ethyl acetate (2.2 mL) was added thereto. The mixture was stood at room temperature for 15 hr and the 
precipitated solid was collected by filtration to give the title compound (756 mg) 

l H ;^^^o U d6 ! 51 - 67 " 2 " 35(6H,m) ' 2 - 88 - 3 - 06 < 1 H,m), 3.22-3.73(3H,m), 4.27-4.64(2H.m). 4.86-5.1 3(1 H m) 
(IHbrs) ^ 

Example 10 

(1) The title compound (924 mg) of Reference Example 3, diisopropylethylamine (1 .7 mL) and 3-bromo-6-fluor- 
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obenzonitril (1 000 mg) were dissolv d in N-methyl-2-pyrrolidon (1 0 mL) and th mixtur wasstirr dat80°Cfor 
5 hr. Water was added to th reaction mixture and the mixtur was extracted with ethyl acetate. Th xtract was 
dried and the solvent was evaporated under reduced pressur . Th residue was purified by silica gel chromatog- 
raphy to give (S)-1 -{(2S,4S)-1 -t rt-butoxycarbonyl-4-(4-bromo-2-cyanoph nyl)amino-2-pyrrolidiny!carbonyl]-2-cy- 
anopyrrolidin (904 mg) as amorphous. 

(2)Th abov -mention d compound (900 mg) was dissolv din thylac tat (2 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (1 .8 mL) was added thereto. The mixture was stood at room temperature for 1 5 hr and the precipitated 
solid was collected by filtration to give the title compound (501 mg). 

1 H-NMR(DMSO-d 6 )51.70-2.34(4H,m), 2.93-3.07(1 H,m), 3.42-3.65(3H,m), 4.33-4.61 (2H,m), 4.82-5.1 0(1 H,m), 
6.56(1 H,d,J=8.7Hz), 6.94(1 H,dd,J=8.1 ,1 .8Hz), 7.12(1 H,d, J=1 .8Hz), 7.49(1 H,d,J=8.1 Hz), 8.96(1 H,brs), 1 0.02(1 H, 
brs). 

Example 11 

[0123] Synthesis of (S)-2-<^ano-1-[(2S,4S)-4-(3 l 4-dicyanophenyi)amino-2-pyrrolidinylcaroonyl]pyrrolidine hydro- 
chloride 

(1 ) The title compound (0.924 g) of Reference Example 3, diisopropylethylamine (1 .7 mL) and 3-fluorophthaIonitrile 
(0.73 g) were dissolved in N-methyl-2-pyrrolidone (1 0 mL), and the mixture was stirred at 80°C for 4 hr. Water was 
added to the reaction mixture and the mixture was extracted with ethyl acetate. The extract was dried and the 
solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatography to give 
(S)-1-[(2S,4S)-1-ten>butoxycarbonyM-(3,4-dicyano 

(1 .05 g) as amorphous. 

(2) The above-mentioned compound (1 .04 g) was dissolved in ethyl acetate (5 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (3.0 mL) was added thereto. The mixture was stood at room temperature for 1 5 hr and the precipitated 
solid was collected by filtration to give the title compound (0.794 g). 

1 H-NMR(DMSO-d6)81 .62-1 .79(1 H,m), 1 .95-2.35(3H,m), 2.90-3.28(2H,m), 3.53-3.71 (2H,m), 4.23-4.64(2H,m), 
4.80-5.13(1 H,m), 7.01(1H,dd,J=9.0,2.4Hz), 7.24(1 H,d,J=2.4Hz), 7.65(1 H,d,J=6.3Hz), 7.78(1 H,d,J=9.0Hz), 9.06 
(1H,brs), 10.62(1 H,brs). 

Example 12 

[0124] Synthesis of (S)-H(2S,4S)-4-(3^hloro-4-cyanophenyl)amino-2-pyrrolidinylcarbonyl]-2-cyanopyrroli hy- 
drochloride 

(1) The title compound (0.924 g) of Reference Example 3, diisopropylethylamine (1 .7 mL) and 2-chloro-4-fluor- 
obenzonitrile (0.78 g) were dissolved in N-methyl-2-pyrrolidone (10 mL), and the mixture was stirred at 80°C for 
4 hr. Water was added to the reaction mixture and the mixture was extracted with ethyl acetate. The extract was 
dried and the solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatog- 
raphy to give (S)-1-[(2S,4S)-1-tert-butoxycaifconyl-4-(3-chloro^ -2-cy- 
anopyrrolidine (0.94 g) as amorphous. 

(2) The above-mentioned compound (0.93 g) was dissolved in ethyl acetate (3 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (2.6 mL) was added thereto. The mixture was stood at room temperature for 1 5 hr and the precipitated 
solid was collected by filtration to give the title compound (0.73 g). 

iH-NMR(DMSO-de)51 .58-1 .80(1 H,m), 1 .96-2.37(3H,m), 2.92-3.22(2H,m), 3.53-3.67(2H,m), 4.22-4.60(2H,m), 
4.80-5.10(1H,m), 6.67(1 H,dd,J=8.7,2.4Hz), 6.84(1 H,d,J=2.4Hz 7.24(1 H,d,J=6.9Hz) t 7.61(1H,d,J=8.7Hz), 9.02 
(1H,brs), 9.97(1 H.brs). 

Example 13 

[01 25] Synthesis of (S)-2-cyano-1 -[(2S,4S)-4-(4-cyano-2,6-difluorophenyi)amino-2-pyrrolidinylcarbonyl]pyn'olidine 
hydrochloride 

(1) The title compound (0.924 g) of Reference Example 3, diisopropylethylamine (1 .7 mL) and 3,4,5-trifluoroben- 
zonitrile (0.79 g) were dissolved in N-methyl-2-pyrrolidone (10 mL), and the mixture was stirred at 80°C for 3 hr. 
Water was added to th reaction mixtur and the mixture was xtract dwith thylac tat .The xtract was dried 
and th solvent was vaporated under reduc d pressure. Th residue was purified by silica gel chromatography 
to give (S)-1 -[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-cyano-2,6-difluorophenyl)amino-2-pyrrolidinylcarbonyl]-2-cyan- 



23 



EP 1 308 439 A1 

©pyrrolidine (1.08 g) as amorphous. 

SET** 3.20-3.70{3H,m), 4 «.5.0 9( 3H,n,. 6*0H,<U4. ^SKS^K 
Example 14 

issues: 

Example 15 
Example 16 

Se SymheSiS ° f (S) - 2 ^ an °- H(2S ^^ hydro- 
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1 H-NMR(DMSO-d 6 )81 .72-2.31 (5H,m), 2.81 -2.98(1 H,m), 3.20-3.36(1 H,m), 3.40-3.69(3H,m), 4.45-4.67(1 H,m) 
4.75-5.1 1 (1H,m), 6.78(1 H.dd, J=7.5,4.8Hz), 7.35(1 H,d,J=7.5Hz), 7.99(1 H,dd,J=7.5,1 .8Hz), 8.33(1 H.dd, 
J=5.1,1.8Hz), 8.88(1H,brs) f 1 0.50(1 H.brs). 

Example 17 

[0129] Synthesis of (S)-2-cyano-1 -[(2S,4S)-4-(4-cyano-2-pyridyl)amino-2-pyrrolidinyIcarbonyl]pyrrolidine trifluoroa- 
cetate 

(1) The title compound (928 mg) of Reference Example 3, diisopropylethylamlne (1 .57 mL) and 2-chloro-4-cyan- 
opyridine (41 6 mg) were dissolved in N-methyl-2-pyrrolidone (1 8 mL), and the mixture was stirred at 1 20°C for 1 8 
hr. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution, and extracted with 
ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure. The residue was 
purified by silica gel chromatography to give (S)-1-[(2S,4S)-1-tert-butoxycarbonyl-4-(4-cyano-2-pyridyl)amino- 
2-pyrrolldinylcarbonyl]-2-cyanopyrroljdine (134 mg). 

(2) The above-mentioned compound (134 mg) was dissolved in dichloromethane (3.3 mL) and trifluoroacetic acid 
(0.3 mL) was added thereto. The mixture was stirred at room temperature for 18 hr. The reaction mixture was 
concentrated under reduced pressure and diethyl ether was added to the residue. The precipitated product was 
collected by filtration to give a pale-brown powder (64 mg). This powder (64 mg) was purified by HPLC to give the 
title compound (8 mg) as a white solid. 

^-NMRpMSO-cySI .64-1 .86(1 H,m), 1.86-2.37(4H,m), 2.80-3.00(1 H,m), 3.06-3.28(1 H,m) 3.42-3.69(3H,m), 
4.42-4.70(2H,m), 4.75-5.1 0(1 H,m), 6.89(1H,s), 6.93(1 H,d,J=5.2Hz), 7.44(1 H,d,J=6.2Hz), 8.23(1 H,d,J=4.7Hz), 
8.96(1 H.brs), 9.81(1H,brs). 

Example 18 

[0130] Synthesis of (S)-2-cyano-1-[(2S,4S)-4-(5-cyano-2-pyridyl)amino-2-pyrTolidinylcarbonyl]pyrrolidine dihydro- 
chloride 

(1) The title compound (462 mg) of Reference Example 3, triethylamine (0.42 mL) and 2-chloro-5-cyanopyridine 
(210 mg) were dissolved in DMF (1 0 mL), and the mixture was stirred at 90°C for 24 hr. Water was added to the 
reaction mixture and the mixture was extracted with ethyl acetate. The extract was dried and the solvent was 
evaporated under reduced pressure. The residue was purified by silica gel chromatography to give (S)-1 -[(2S.4S)- 

1- tert-butoxycarbonyl-4-(5-c^ano-2-pyridyl)amino-2-pyrrolidinylcarbonyl]-2-<^anop (310 mg) as amor- 
phous. 

(2) The above-mentioned compound (31 0 mg) was dissolved in tetrahydrofuran (3 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (2 mL) was added thereto. The mixture was stood at room temperature for 15 hr and the solvent 
was evaporated under reduced pressure. The residue was purified by HPLC and freeze-dried to give the title 
compound (150 mg) as amorphous. 

iH-NMR(DMSO-d6)51 .77-2.33(2.81 -3.23(2H,m), 4.00-5.1 5(6H,m), 6.61 (1 H,d,J=8.7Hz), 7.77(1 H,d,J=8.7Hz), 7.91 
(1H,d,J=6.0Hz), 8.46(1 H,s), 8.98(1 H,brs), 9.91(1H,brs). 

Example 19 

[0131] Synthesis of (S)-1-[(2S,4R)-4-(5-cyano-2-pyridyl)amino-2-pyrrolidinylcariDonyi]-2-cyanopyrrolidine dihydro- 
chloride 

(1) (2S,4R)-1 -tert-Butoxycarbonyl-4-(5-cyano-2-pyridyl)aminopyrrolidine-2-cariDOxylic acid (title compound of Ref- 
erence Example 4, 0.73 g) and (S)-2-cyanopyrrolidine hydrochloride (0.29 g) were dissolved in DMF (10 mL), and 
triethylamine (0.62 mL), HOBT (0.34 g) and EDC hydrochloride (0.42 g) were successively added thereto. The 
mixture was stirred at room temperature for 15 hr. Water was added to the reaction mixture and the mixture was 
extracted with ethyl acetate. The extract was dried and evaporated under reduced pressure. The residue was 
purified by silica gel chromatography to give (SJ-l-^S^SJ-l-tert-butoxycarbonyl^-tS-cyano^-pyridylJamino- 

2- pyrrolidinylcarbonyl]-2-cyanopyrrolidine (0.58 g) as amorphous. 

(2) Th above-mentioned compound (0.57 g) was dissolved in 4 mol/L hydrochloric acid-1 ,4-dioxane (4 mL), and 
themixtur was stood at room temp ratur for 15 hr. The solv nt was evaporat d under reduced pr ssur , and 
the residue was purified by HPLC and fr ez -dried to give the title compound (0.1 81 g) as amorphous. 
iH-NMR(DMSO-d 6 )81.93-2.68(6H,m), 3.13-3.70(4H,m), 4.58-5.1 0(3H,m), 6.61(1H,d,J=8.7Hz), 7.79(1H,dd, 
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J=8.7,1.8Hz), 7.98(1 H.brs), 8.48(1 H,d,J=1. 8Hz), 8.87(1 H.brs), 9.78(1 H.brs). 
Exampl 20 

fl 3 oL2S hesis of (s ^ an ^- [(2S ^^ 2 

imSvSndTnT^ f 924 S ° f I? 4 * 3 ™ 06 EXamP ' 6 3l dife °P ro Py'e%lamin e (1 .7 mL) and 2-chloro-5-trifluor- 
ZT*Zl ( ,? T* dlSSOlVed ^^-pyrrolidone (10 mL), and the mixture was stirred at 120«C 

!L ilSSiT t dSd t0 reaCti0 " and me mixtUre Was extracted •«* e »y' The ertract 

was dned and the solvent was evaporated under reduced pressure. The residue was purified by silica gel chro 
my ography to g,ve(S)-1-^^^ 

nylJ-2-cyanopyrrolidine (0.40 g) as amorphous. ^-pyrronomyicarDo 
Jos ^rr^ n8< ! C T° Und (a4 ° 9) WaS diSSOlVed in dic "'o™^hane (9 mL) and trifluoroacetic acid 

as amoX^s SSUr6 ' * " PL ° ^ freeze - dried to *• *• «• compound (ai630 

1 H-NMR(DMSO-d e )81.6B-2.32(5H,m), 2.85-3.26(2H,m), 4.38-5.12(8H,m), 6 65(1H d J-9 0Hz) 7 66MHd 
J=6.3H 2 ), 7.72(1H,dd,J=9.0,2.4Hz), 8.35(1H.s), 8.96(1H.brs), 9.80(1H,brs) 8 * 5(1H ' d ' J - 9 - 0Hz >' 766 < 1 ™ 

Example 21 

He SyntheS ' S ° f (S ^^ n0 - H(2S ^>^ dihydro . 

(1) The title compound (0.462 g) of Reference Example 3, triethylamine (0.42 mL) and 2-chloro-5-nitropvridine 
(0.24 g) were d,sso.ved in DMF (6 mL), and the mixture was stirred at 100'C for 8 hr. Water w L a<2 to Z 
react.cn mixture and the mbcture was extracted with ethyl acetate. The extract was dried and the so^en was 
evaporated under reduced pressure. The residue was purified by silica gel chromatography to give (3)1^ 
14«* -butoxy carbony l-4-( 5^itro-2-pyridyl)amino-2-pyrroiidinylca ro onyl]-2^anopyrrolidine (0 50 gj as amor- 

fi^H^^f Tf* Compound <° 50 9) was ***** in tetrahydrofuran (3 mL) and 4 mol/L hydrochloric 
itated solid was collected by filtration to give the title compound (0 445 g) 

8.1 8(1 H,dd,J=9.3,3.0H2), 8.58(1 H,s),8.90-9.12(2H,m), 1 0.65(1 H.brs). 
Example 22 

o°act!L SyntheSiS ° f (S) - 2 ^ an0 - H(2S '^ (3 ' 5 ^^^ trifluor- 

wi^lSlm «FV ( °' 928 9> , ° f Re,erBnCe EX3mple 3 ' diis °P«>pylethylamine (1 .57 mL) and 2<hloro-3,5-din- 
2^Kt£^*"^ ^^-P^lidone (18 mL), and the mixture was stirred at room tem- 
perature for 2 hr. The react.on nurture was added to saturated aqueous sodium hydrogencarbonate solution and 
wessl^e '^TThe^A^ri 3 *'^^ othyl acetate. The extract was dried and the solvent^as evaporated undeTreduced 
pressure The res.due was punfred by silica gel. chromatography to give (S)-1-[(2S,4S)-1-tert-butoxvcarbonvU 
^-d.nrtro^-pyridyl^^^^^ 

2 S^r^r' r m P° Und i 1 - 18 9) W3S d]SS0We6 in dichlorom ^ane (25 mL) and trifluoroacefic acid 
(2.5 mL) was added thereto. The nurture was stirred at room temperature for 18 hr. The reaction mixture was 
concen rated under reduced pressure and diethyl ether was added to the residue. The precipitaXnoTplder 
was collected by filtration to give the title compound (1 1 2 g) P 
'H-NMR(DMSO-d 6 )81. 68-2.33(51^), 2.84-3.08(1 H,m), 3.32-3.68(4H,m), 4.49-4 70(1 H m) 4 76-4 90(1 H ml 
5.11-5,37(1H,m), 9.01(1H.s), 9.04(1H,brs), 9.25(1 H.brs), 9.28(1 H,s), 9.84(1 H.brs) 4.76-4.90(1 H^n), 

Example 23 

[0135] Synthesis of (S)-H(2S,4S)-4-^ hy _ 
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drochlorid 

(1 ) The title compound (928 mg) of Refer nc Example 3, di isopropylethylamin (1 .57 mL) and 2,6-dichloropyri- 
dazlne (447 mg) were dissolved In N-methyl-2-pyrrolldon (18 mL), and the mlxtur was stlrr d at 1 20°C for 5 hr. 
The reaction mixture was added to saturated aqu ous sodium hydrog ncarbonat solution, and th mixtur was 
extract d with ethyl acetate. Th xtract was dried and the solvent was vaporated under reduced press ur .Th 
residue was purified by silica gel chromatography to give (S)-1 -[(2S,4S)-1 -tert-butoxycarbonyl-4-(6'Chloro-3-pyri- 
dazinyl)amino-2-pyrrolidinylcarbonyl]-2-cyanopyrrolidine (58 mg). 

(2) The above-mentioned compound (57 mg) was dissolved in ethyl acetate (1 .0 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (0.2 mL) was added thereto. The mixture was stood at room temperature for 4 hr and the pre- 
cipitated solid was collected by filtration to give the title compound (31 mg). 

^-NMRtDMSO-deJSII.e^.SSJSH.m), 2.88-3.01 (1H,m) t 3.09-3.29(1 H,m), 3.50-3.70(3H,m), 4,50-4.72(2H,m), 
4.76-5.1 5(1 H,m), 7.00(1 H,d,J=9.3Hz) 7.48(1 H,d,J=9.3Hz), 7.71(1H,brs), 9.00(1H,brs), 10.31(1 H.brs). 

Example 24 

[01 36] Synthesis of (S)-2-cyano-1 -t(2S,4S)-4-(2-pyrimidinyl)amino-2-pyrrolidinylcarbonyl]pyrrolidine hydrochloride 

(1) The title compound (1 .85 g) of Reference Example 3, diisopropylethylamine (3.14 mL) and 2-chloropyrimidine 
(0.687 g) were dissolved in N-methyl-2-pyrrolidone (30 mL), and the mixture was stirred at 100°C for 24 hr. The 
reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution, and extracted with ethyl 
acetate. The extract was dried and the solvent was evaporated under reduced pressure. The residue was purified 
by silica gel chromatography to give (S)-1 -f(2S,4S)-1 -tert-butoxycart)onyl-4-(2-pyrimidinyl)amino-2-pyrrolidinylcar- 
bonyl]-2-cyanopyrrolidine (0.950 g) as a pale-brown powder. 

(2) The above-mentioned compound (0.833 g) was dissolved in ethyl acetate (2.16 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (2.69 mL) was added thereto. The mixture was stood at room temperature for 18 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (0.626 g). 

1 H-NMR(DMSO-d 6 )51.70-2.35(5H,m), 2.80-2.95(1 H,m), 3.1 0-3.30(1 H.m), 3.42-3.90(3H,m), 4.49-4. 73(2H,m), 
4.80-5.14(1 H,m), 6.74(1 H,t,J=5.1 Hz), 7.67{1H,brs), 8.38(2H,d,J=5.1Hz), 8.89(1H,brs), 1 0.37(1 H.brs). 

Example 25 

[01 37J Synthesis of (S)-2-cyano-1 -[(2S,4S)-4-(4-trif luoromethy l-2-pyrimidinyl)amino-2-pyrrolidinylcarbonyl]pyrrolid- 
ine hydrochloride 

(1) The title compound (1 .85 g) of Reference Example 3 r diisopropylethylamine (3.14 mL) and 2-chloro-4-trifluor- 
omethylpyrimidine (1 . 1 0 g) were dissolved in N-methyl-2-pyrrolidone (30 mL), and the mixture was stirred at room 
temperature for 1 8 hr. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution, 
and the mixture was extracted with ethyl acetate. The extract was dried and the solvent was evaporated under 
reduced pressure. The residue was purified by silica gel chromatography to give (S)-1 -[(2S,4S)-1 -tert-butoxycar- 
bonyl-4-(4-trifluoromethyl-2-pyrimidinyi)amino-2-pyrrolidinylcarbonyl]-2-cyanopyrrolidine (2.44 g). 

(2) The above-mentioned compound (2.27 g) was dissolved in ethyl acetate (4.99 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (6.24 mL) was added thereto. The mixture was stood at room temperature for 4 hr. The precip- 
itated solid was collected by filtration to give the title compound (1 .94 g). 

1 H-NMR(DMSO-d6)51.72-2.35(5H,m), 2.78-2.99(1 H,m), 3.1 0-3.30(1 H,m), 3.36-3.88(3H,m), 4.47-4.72(2H,m), 
4.79-5.1 3(1 H,m), 7.11(1H,d,J=5.1Hz), 8.20(1H,brs), 8.69(1 H,d,J=4.2Hz), 8.94(1H,brs), 1 0.73(1 H,brs). 

Example 26 

[0138] Synthesis of (S)-1-[(2S,4S)-4-(2-benzoxazolyl)amino-2-pyrrolidinylcarbonyl]-2-cyanopyrrolidine hydrochlo- 
ride 

(1) (2S,4S)-4-(2-Benzoxazolyl)amino-1-tert-butoxycarbonylpyrrolidine-2-carboxylic acid (title compound of Refer- 
ence Example 5, 1.04 g) and (S)-2-cyanopyrrolidine hydrochloride (0.40 g) were dissolved in DMF (5 mL), and 
triethylamine (0.84 mL), HOBT (0.51 g) and EDC hydrochloride (0.63 g) were successively added thereto. The 
mixture was stirred at room temperature for 1 5 hr. Wat r was added to the reaction mixtur , and th mixture was 
extracted with thyl acetate. The extract was dried and vaporated under r duced pressure. Th residue was 
purified by silica gel chromatography to give (S)-1 -[(2S,4S)-4-(2-benzoxazolyl)amino-1 -tert-butoxycarbonyl-2-pyr- 
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rolidinylcarbonyl]-2-cyanopyrrolidine (0.86 g) as amorphous. 

(2) Th above-mentioned compound (0.86 g) was dissolved in 4 mol/L hydrochloric acid-1 ,4-dioxane (6 mL) and 
he mixture was stood at room temperature for 1 5 hr. The precipitated white solid was collected by filtration to give 
the title compound (0.828 g). 

T^ [ ^ S ?^J^; 3B(5H,m) ' 2 - 87 - 3 - 5 °( 2H - m >' 4.20-5.15(3H,m), 7.00-7.49(4H,m), 8.24-8.38(1 H,m), 
o.»^ii-i,disj, iU.Zo(in,Drs). 

Example 27 

[01 M] Synthesis of (S)-1-[(2S,4R)-4-(2-benzoxazolyl)amino-2-pyrrolidinylcart)onylh2-cyanopyr ro iidine hydrochlo- 

(1 ) (2S ,4R)-4-(2-Benzoxazolyl)amino-1 -tert-butoxycamonylpyrrolidine-2-carboxylic acid (title compound of Refer- 
ence Example 6, 1.0 g) and (S)-2-cyanopyrrolidine hydrochloride (0.38 g) were dissolved in DMF (10 mL) and 
tnethylam.ne (0.81 mL), HOBT (0.49 g) and EDC hydrochloride (0.61 g) were successively added thereto The 
T "If ^ a L Sti ? ( ! at r °° m tem P erature for 15 Water was added to the reaction mixture, and mixture was 
extracted with ethyl acetate. The extract was dried and the residue was evaporated under reduced pressure The 
residue was purified by silica gel chromatography to give (S)-1-{(2S,4RM-(2-benzoxazolyl)amino-1-tert-butoxy- 
carbonyl-2-pyrrolidinylcarbonyl]-2-cyanopyrrolidine (0.91 g) as amorphous. 

(2) The above-mentioned compound (0.91 g) was dissolved in 4 mol/L hydrochloric acid-1 ,4-dioxane (6 mL) and 
the mixture was stood at room temperature for 1 5 hr. The precipitated white solid was collected by filtration to give 
the title compound (0.841 g). M 

Intl^^f 0 *^ 51 - 93 " 27 ^ 6 "'" 15 ' 3 - 3 °- 3 -*H4H,m), 4.36-5.18(3H,m), 6.96-7.50(4H,m), 8.42-9.05(2H,m) 
10.1 7(1 H.brs). 

Example 28 

d°ochiondr thesis of (S)1t(2S, ^ H " (4 ^ hioropheny 

(1) The title compound (1.64 g) of Reference Example 3 and 4«:hlorobenzaldehyde (0.703 g) were dissolved in 
methanol (15 mL), and the mixture was stirred at room temperature for 1 hr. Sodium cyanoborohydride (0 315 q) 
and acetic acid (0.4 mL) were added to the reaction mixture, and the mixture was stirred for 1 hr. The reaction 
mixture was filtrated and the filtrate was evaporated under reduced pressure. Saturated aqueous sodium hydro- 
gencarbonate solution was added to the residue, and the mixture was extracted with ethyl acetate The extract 
was dried and the solvent was evaporated under reduced pressure. The residue was purified by silica gel chro- 
matography to give (S)-1 -[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-chlorophenylmethyl)amino-2-pyrrolidinylcarbonyll- 
2-cyanopyrrolidine(1.67g)asamoiphous. yj 

(2) The above-mentioned compound (0.643 g) was dissolved in ethyl acetate (1.9 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .9 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precip- 
itated solid was collected by filtration to give the title compound (0 62 g) 

lH-NMR(DMSO-d6)ffi.00-2.37(5H,m), 2.90-3.05(1 H.m), 3.52-3.73(4H,m), 3.86-4.04(1 H,m), 4.24(2H,s), 4.48-4.54 
(1H,m), 4.80-5.1 7(1 H,m), 7.53(2H,d,J=8.4Hz), 7.66(2H,d,J=8.4Hz), 9.07(1 H.brs), 10.20(2H,brs), 1 0.72(1 H.brs). 

Example 29 

Sochloride " theSiS ° f (S) " 2 "° yan0 " 1 - K2S ' 4S )^-( 4 - nitro P he "y |me thy0amino-2-pyrrolidinytoroonyl]pyrrolidine dihy- 

(1) The title compound (1.54 g) of Reference Example 3 and 4-nitrobenzaldehyde (6.801 g) were dissolved in 
methanol (15 mL), and the mixture was stirred at room temperature for 1 hr. Sodium cyanoborohydride (0 315 q) 
and acetic acid (0.4 mL) were added to the reaction mixture, and the mixture was stirred for 1 hr. The reaction 
mixture was filtrated and the filtrate was evaporated under reduced pressure. Saturated aqueous sodium hydro- 
gencarbonate solution was added to the residue and the mixture was extracted with chloroform. The extract was 
dned and the solvent was evaporated under reduced pressure. The residu was purifi d by silica gel chromatog- 
raphy to give (S)-1-[(2S,4S)^^^ 

pyrrolidine (1 .15 g) as amoiphous. 

(2) The above-mentioned compound (1 .15 g) was dissolved in ethyl acetate (3 mL) and 4 mol/L hydrochloric acid- 
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ethyl ac tat (3.3 mL) was added thereto. The mixture was stood at room t mp rature for 1 5 hr. Th precipitated 
solid was collected by filtration to give the title compound (0.975 g). 

1 H-NMR(DMSO-d6 )61.96-2.37(5H,m), 2.93-3.07(1 H,m), 3.66-3.75(3H,m), 3.93-4.1 0(1 H,m), 4.40(2H,s), 
4.50-4.67(1 H,m), 4.80-5.17(1 H,m), 7.92(2H,d,J=8.7Hz), 8,31(2H,d,J=8.7Hz), 9.10(1H,brs), 10.1 0-1 1.30(2H,m). 

Example 30 

[0142] Synthesis of (S)-2-cyano-1 -{(2S l 4S)-4-(4-phenoxyphenylmethyl)amino-2-pyrro!idinylcarbonyl]pyrrolidine di- 
hydrochloride 



(1) The title compound (0.924 g) of Reference Example 3 and 4-phenoxybenzaldehyde (0.594 g) were dissolved 
in methanol (15 mL), and the mixture was stirred at room temperature for 1 hr. Sodium cyanoborohydride (0.189 
g) and acetic acid (0.2 mL) were added to the reaction mixture, and the mixture was stirred for 1 hr. The reaction 
mixture was evaporated under reduced pressure. Saturated aqueous sodium hydrogencarbonate solution was 

is added to the residue and the mixture was extracted with ethyl acetate. The extract was dried and the solvent was 

evaporated under reduced pressure. The residue was purified by silica gel chromatography to give (S)-1 -[(2S,4S)- 
1-tert-butoxycarbonyl-4-(4-phenoxyphenylme^ (0.99 g) as 

amorphous. 

(2) The above-mentioned compound (0.99 g) was dissolved in ethyl acetate (2 mL) and 4 mol/L hydrochloric acid- 
ic ethyl acetate (2.5 mL) was added thereto. The mixture was stood at room temperature for 1 5 hr. The precipitated 

solid was collected by filtration to give the title compound (0.95 g). 
lH-NMR(DMSO-d6)51 .95-2.38(5H^ 

(1H,m), 4.80-5.1 7(1 H,m), 6.94-7.22(5H,m), 7.34-7.48(2H,m), 7.64(2H,d,J=8.4Hz), 9.10(1H,brs), 10.17(2H,brs), 
1 0.90(1 H.brs). 



Example 31 

[0143J Synthesis of (S)-2-cyano-1-[(2S,4S)-4-(4-cyanopheny^ dihy- 
drochloride 



(1) The title compound (924 mg) of Reference Example 3 and 4-cyanobenzaidehyde (589 mg) were dissolved in 
methanol (15 mL), and the mixture was stirred at room temperature for 1 hr. Sodium cyanoborohydride (283 mg) 
and acetic acid (0.4 mL) were added to the reaction mixture, and the mixture was stirred for 1 hr. The reaction 
mixture was filtrated and the filtrate was evaporated under reduced pressure. Saturated aqueous sodium hydro- 
ps gencarbonate solution was added to the residue and the mixture was extracted with ethyl acetate. The extract was 

dried and the solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatog- 
raphy to give (S)-1 -[(2S,4S)-1 -tert-butoxycaroonyl-4-(4-cyanophenylmethyl)amino-2-pyrrolidinylcaroonyl]-2-cyan- 
opyrrolidine (940 mg) as amorphous. 

(2) The above-mentioned compound (940 mg) was dissolved in ethyl acetate (3.0 mL) and 4 mol/L hydrochloric 
40 acid-ethyl acetate (2.8 mL) was added thereto. The mixture was stood at room temperature for 1 5 hr. The precip- 
itated solid was collected by filtration to give the title compound (655 mg). 

1 H-NMR(DMSO-d 6 )51.94-2.37(6H,m), 2.89-3.09(1 H,m), 3.27-3.80(3H,m), 3.90-4.10(1 H,m), 4.23-4.44(2H,s), 
4.53-4.69(1 H,m), 4.80-5.20(1 H,m), 7.87(2H,d,J=8.4Hz), 7.94(2H,d,J=8.4Hz), 9.18(1H,brs), 10.60(2H,brs). 

45 Example 32 

[0144] Synthesis of (s)-1 -{(2S,4S)-4-[N-(4^yanophenylmethyl)-N-methylamino]-2-pyrrolidinylcarbonyl}-2-cyanopyr- 
rolidine dihydrochloride 

50 (1 ) (S)-1 -[(2S,4S)-1 -tert-Butoxycarbonyl-4-(4-cyanophenylmeth^ 

ine [product of Example 31 (1), 1 .04 g] and 37% formaldehyde solution (0.7 mL) were dissolved in acetonitrile (15 
mL), and the mixture was stirred at room temperature for 1 hr. Sodium cyanoborohydride (0.240 g) and acetic acid 
(0.4 mL) were added to the reaction mixture, and the mixture was stirred for 1 hr. The reaction mixture was evap- 
orated under reduced pressure. Saturated aqueous sodium hydrogencarbonate solution was added to the residue 

55 and the mixture was extracted with chloroform. The extract was dried and the solvent was evaporated under re- 

duced pressure. The r sidu was purified by silica gel chromatography to giv (S)-1 -{(2S,4S)-1 -tert-butoxycarb- 
onyl-4-[N-(4-cyanophenylm thyl)-N-methylamino]-2-pyrrolidinylcartDonyl}-2-cyanopyrrolidin (0.71 g) as amor- 
phous. 
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(2) J h *K! b ° Ve * menti0ned com P ound < 0 - 70 9) was dissolved in thyl acetat {2.0 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (2.0 mL) was added thereto. The mixture was stood at room temperature for 1 5 hr. Th precip- 
itated solid was collected by filtration to give the title compound (0 548 g) 

«jT l R ?!! , f O " d6)52 00 " 2 - 42(5H,m) * 2 - 59 < 3H - s >- 2.88-3.18(1H,m). 3.5o"-5.20(9H,m), 7.89(2H,d,J=8.1Hz) 7 97 
(2H l d,J=8.1H2),9.26(1H l brs),10.96(1H,brs),12.42(1H,brs). ' 

Example 33 

dinTdihydS?n i de 0f (S) "^ 

(1 ) The title compound (0.924 g) of Reference Example 3, 4-cyanobenzyl bromide (1 .27 g) and diisopropylethyl- 
JT« i «a«olvedin Nnnettiyl-2-pyrrolldone (10 mL), andthe mixture was stlried room tempemhie 
for 15 hr Water was added to the reaction mixture and the mixture was extracted with ethyl acetate. The extract 
was dned I and the solvent was evaporated under reduced pressure. The residue was purified by silica gel chro- 

carbonyl}-2-cyanopyrrolidine (1.11 g) as a white solid. 

(2) J h I a , b0Ve " menti0ned com P° unci (° 95 9) was dissolved in ethyl acetate (22 mL) and 4 mol/L hydrochloric- 
acid-ethyl acetate (2.2 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precip- 
itated solid was collected by filtration to give the title compound (0 85 g) 

\^SS^S!f!?!^ 3.53-4.50(8H,m), 4.80-5.1 4(1 H.m), 

7.55(4H,d,J=8.1Hz), 7.79(4H,d,J=8.1 Hz), 8.90(1 H.brs), 10.1 0(1 H.brs). 

Example 34 

[0146] Synthesis of (S)-2-cyano-1 -[(2S,4S)-4-(3-pyridylmethyl)amino-2-pyrrolidiny1carbony0pyn-olidine 3 trifluoroa- 

m L ™n ftle ? t T Und (928 m9) ° f Reference Example 3 and "fcotinaldehyde (321 mg) were dissolved in methanol 
(16 mL) and the mixture was stirred at room temperature for 30 min. Sodium cyanoborohydride (189 mg) and 
several drops of acetic acid were added to the reaction mixture, and the mixture was stirred at room temperature 
for 18 hr. The reaction mixture was filtrated and the filtrate was evaporated under reduced pressure Saturated 
aqueous sodium hydrogencarbonate solution was added to the residue and the mixture was extracted with ethyl 
acetate. The extract was dried and the solvent was evaporated under reduced pressure. The residue was purified 
bys.l,c*ge^hromatogr^hy^ 

carbonyl]-2-cyanopyrralidine (591 mg). ' ' 

(2) The above-mentioned compound (557 mg) was dissolved in dichloromethane (14 mL) and trifluoroacetic acid 
(1.4 mL) was added thereto. The mixture was stood at room temperature for 18 hr. The reaction solvent was 

^ „" , 6r redUCed preSSUre ' and diethyl etner was added 10 the re sidue. The precipitated solid was 
collected by filtration to give the title compound (704 mg) 

(1H,m), 7.58(1 H,dd,J=7.8,5.0Hz), 8.02(1 H,d,J=7.9Hz), 8.68(1 H,dd,J=4.9,1.4Hz), 8.75(1 H,d,J=1.7Hz) 
Example 35 

[0147] Synthesis of (S)-2-cyano-1-((2S,4S)-4-phenethylamino-2-pyrrolidinylcarbonyl)pynolidine 2 trifluoroacetate 

{ 12 e mfT""!! ( ! 62 m9) °' ReferenCe Examp,e 3 and Pheny'acetaldehyde (0.18 mL) were dissolved in 
methanol (15 mL) and he mixture was stirred at room temperature for 1 hr. Sodium cyanoborohydride (94 mg) 
and aceftc ac.d (0.1 mL) were added to the reaction mixture, and the mixture was stined for 15 hr The reaction 
mixture was filtrated and the filtrate was evaporated under reduced pressure. Saturated aqueous sodium hydro- 

S Tf S °k 1 00 W8S 8dded 10 thS rSSidue and the mixture was extracted witn «** a ^tate. The extract was 
dned and the solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatoq- 

(30oVg°)as^^^ 

m^l^^T^ compound < 300 m 9) was dissolve d in dichloromethane (7.3 mL) and trifluoroacetic acid 
(0.73 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The solvent was evaporated 
under reduced pressure, and the residue was purified by HPLC and freeze-dried to give the title compound (150 
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mg) as amorphous. 

1 H-NMR(DMSO-d6)51.85-2.38(5H ( m), 2.83-3.08(3H,m), 3.15-3.74(4H,m). 3.75-5.1 8(5H,m), 7.17-7.40(5H,m). 
Exampl 36 

[0148] Synthesis of (S)-2^ano-1-((2S ( 4S)^-cyclohexylamino-2-pyrrolidinylcarbonyl)pyrrolidin di hydrochloride 

(1 ) The title compound (924 mg) of Reference Example 3 and cyclohexanone (0.34 mL) were dissolved In methanol 
(15 mL), and the mixture was stirred at room temperature for 1 hr. Sodium cyanoborohydride (200 mg) and acetic 
acid (0.4 mL) were added to the reaction mixture, and the mixture was stirred for 15 hr. The reaction mixture was 
evaporated under reduced pressure. Saturated aqueous sodium hydrogencarbonate solution was added to the 
residue and the mixture was extracted with ethyl acetate. The extract was dried and the solvent was evaporated 
under reduced pressure. The residue was purified by silica gel chromatography to give (S)-1-(2S,4S)-1-tert-bu- 
toxycarbonyl-4-cyclohexylamino-2-pyrrolidinylcarbonyl)-2-cyanopyrrolidine (440 mg) as amorphous. 

(2) The above-mentioned compound (430 mg) was dissolved in ethyl acetate (1.5 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .4 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precip- 
itated solid was collected by filtration to give the title compound (338 mg). 

1 H-NMR(DMSO-d6)61.01-1.47(5H,m) t 1.54-2.38(1 OH, m), 2.88-3.07(2H,m), 3.38-3.70(4H,m), 3.95-4.1 3(1 H.m), 
4.40-4.61 (1H,m 4.80-5.14(1 H,m), 9.68(1H,brs), 9.89(1H,brs). 

Example 37 

[01 49] Synthesis of (S)-2-cyano-1 -((2S,4S)-4-diethylamino-2-pyrrolidinylcarbonyl)pyrrolidine dihydrochloride 

(1) The title compound (924 mg) of Reference Example 3 and 90% aqueous acetaldehyde solution (1 .7 mL) were 
dissolved in methanol (1 5 mL), and the mixture was stirred at room temperature for 3 hr. Sodium cyanoborohydride 
(440 mg) and acetic acid (0.4 mL) were added to the reaction mixture, and the mixture was stirred for 1 hr. The 
reaction mixture was evaporated under reduced pressure. Saturated aqueous sodium hydrogencarbonate solution 
was added to the residue and the mixture was extracted with ethyl acetate. The extract was dried and the solvent 
was evaporated under reduced pressure. The residue was purified by silica gel chromatography to give (S)-1 -((2S, 
4S)-1-tert-butoxycarbonyl-4-diethylamino-2iDyrrolidinylcarbonyl)-2-cyanopyrrolidine (720 mg) as amorphous. 

(2) The above-mentioned compound (720 mg) was dissolved in ethyl acetate (2 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (2.5 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precipitated 
solid was collected by filtration to give the title compound (713 mg). 

1 H-NMR(DMSO-d 6 )51.20-1-30(6H,m), 1 .94-2.36(1 H,m), 2.87-3.38(6H,m), 3.52-4.1 8(8H,m), 4.45-4.64(1 H.m), 
4.82-4.90(1 H,m), 9.38(1 H.brs), 11.30(1H,brs), 11.82(1H,brs). 

Example 38 

[0150] Synthesis of (S)-2-cyano-1 -[(2S,4S)-4-(1-piperidino)-2-pyrrolidinylcarbony0pyrrolidine dihydrochloride 

(1) The title compound (924 mg) of Reference Example 3 and 50% aqueous glutaraldehyde solution (0.8 mL) were 
dissolved in methanol (1 5 mL), and the mixture was stirred at room temperature for 3 hr. Sodium cyanoborohydride 
(630 mg) and acetic acid (0.4 mL) were added the reaction mixture and the mixture was stirred for 1 hr. The reaction 
mixture was evaporated under reduced pressure. Saturated aqueous sodium hydrogencarbonate solution was 
added to the residue and the mixture was extracted with ethyl acetate. The extract was dried and the solvent was 
evaporated under reduced pressure. The residue was purified by silica gel chromatography to give (S)-1 -[(2S.4S)- 
1-tert-butoxycail3onyl-4-(1-piperidino)-2^ (480 mg) as amorphous. 

(2) The above-mentioned compound (470 mg) was dissolved in ethyl acetate (2 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (1 .6 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precipitated 
solid was collected by filtration to give the title compound (485 mg). 

1 H-NMR(DMSO-d 6 )81 .30-1 .50(1 H.m), 1.61-1.90(5H,m), 1 .99-2.32(3H,m), 2.83-3.09(2H,m), 3.31-3.80(8H,m), 
3.90-4.07(1 H,m). 4.40-4.62(1 H,m), 4,80-5.20(1 H,m), 9.27(1H,brs), 11.1 0(1 H.brs), 11.64(1H,brs). 

Example 39 

[0151] Synthesis of (S)-2-cyano-1 -{(2S,4S)-4-[N,N-bis(ethoxycarbonylmethyr)amino]-2-pyrrolidinylcarbonyl}pyrroli- 
dine dihydrochloride 
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) The title compound (0.924 g) of Reference Example 3, thyl bromoacetate (0.73 mL) and diisopropylethylamin 
c WSr dissolved in N-methyl-2-pyrrolidone (10 mL), and the mlxtur was stirr d at room temperature for 
15 hr. Water was added to the reaction mixture and th mixture was extracted with ethyl acetate. The extract was 
dned and the solvent was evaporated under reduced pressur . Th residue was purified by silica gel chromatog- 
raphy to gnr (S)-1-{(2S,4S)-1-tert-butoxycarbonyl-4-[N,N-bis(ethoxycarbonylmethyl)amino]-2-pyrrolidinylcatbo- 
nyl}-2-cyanopyrrolidin (0.95 g) as a white solid. "nynwno 

(2) The above-mentioned compound (0.80 g) was dissolved in ethyl acetate (2 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (2 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precipitated 
solid was r 



collected by filtration to give the title compound (0.65 g). iH-NMR(DMSO-d 6 )S1 .19(6H,t,J=7 2Hz) 1 57-1 74(1 H 
m), 1.93-2.34(4H,m). 2.96-3.42(2H,m). 3.75-4.50(1 2H,m), 4.78-5.12(1 H,m), 8.80(1H,brs), 10.19(1H,brs).' 

Example 40 

[0152] Synthesis of (S)-1 -((2S,4S)-4-ben2oylamino-2-pyrrolidinylcaroonyl)-2-cyanopyrrolidine hydrochloride 

(1) (2S,4S)-4-Ben2oylamino-1-tert-butoxycaroonylpyrrolidine-2-carooxylic acid (title compound of Reference Ex- 

.' 1™?* < S >- 2 - c y ano Py trclidi " e hydrochloride (0.44 g) were dissolved in DMF (1 0 mL), and triethylamine 
(0.98 mL), HOBT (0.54 g) and EDC hydrochloride (0.67 g) were successively added. The mixture was stirred at 
room temperature for 15 hr. Water was added to the reaction mixture and the mixture was extracted with ethyl 
acetate. The extract was dried and evaporated under reduced pressure. The residue was purified by silica qel 

chromatography to give (S)-1-((2S,4R)^-ben2oylamino-1-tert-butoxycarbonyl-2-pyrrolidinylcarbonyl)-2^ V ano- 
pyrrohdine(1.0g) as a white solid. Jr 1 

(2) The above-mentioned compound (0.91 g) was dissolved in tetrahydrofuran (3 mL) and 4 mol/L hydrochloric 
ac.d-1 ,4-d.oxane (6 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precipitated 
white solid was collected by filtration to give the title compound (541 mg) 

S«Sr 2 - 7 ^3((1H.m>. 3.21-3.80(4H.m), 4.51-5,3(3H.m), 7.40-7.90(2H,m), 
Example 41 

[0153] Synthesis of (S)-1 -((2S,4R)-4-ben2oylamino-2-pyrTolidinylcaroonyl)-2-cyanopyrrolidine hydrochloride 

(1) (2S,4R)-4-Benzoylamino-1-tert-butoxycarbonylpyrrolidine-2-carboxylic acid (title compound of Reference Ex- 
T£? 8 ; ! '^~ d hydrochloride (0.63 g) were dissolved in DMF (10 mL), and triethylamine 
(1 .32 mL), HOBT (0.79 g) and EDC hydrochloride (0.99 g) were successively added. The mixture was stirred at 
room temperature for 15 hr. Water was added to the reaction mixture and the mixture was extracted with ethyl 
acetate. The extract was dried and evaporated under reduced pressure. The residue was purified by silica qel 
chromatography to give (S)-1 -((2S,4R)-4-beraoylamino-1-tert-butoxycaroonyl-2-pyrTolidinylcaroonyl)-2-cyano- 
pyrrohdine(1.2g)asawhitesolid. y/^-vyano 

(2) The above-mentioned compound (0.97 g) was dissolved in 4 mol/L hydrochloric acid-1 ,4-dioxane (6 mL) The 
m.xture was stood at room temperature for 15 hr. The precipitated white solid was collected by filtration to give the 
title compound (0.814 g). 

l^o^^ 80 "^ 51 ' 96 ' 2 - 65 ^'^ 1 3 - 23 - 3 - 7 K4H,m), 4.42-5.15(3H,m), 7.51-7.97(5H.m), 8.67-9.03(2H,m) 
9.92(1 H.brs). " 

Example 42 

[0154] Synthesis of (S)-1-[(2S,4S)-4-(4-chloroben2oyl)amino-2-pyrrolidinylcarbony1]-2-cyanopyrrolidine hydrochlo- 



(1) The title compound (462 mg) of Reference Example 3 and triethylamine (0.42 mL) were dissolved in dichlo- 
romethane (30 mL), and 4-chlorobenzoyl chloride (0.19 mL) was added under ice-cooling. The mixture was stirred 
at room temperature for 24 hr. Water was added to the reaction mixture and the mixture was extracted with dichlo- 
romethane. The extract was dried and evaporated under reduced pressure. The residue was purified by silica qel 
chromatography to ghre (S)-1 -{(2S,4S)-1 -tert-butoxycarbonyl-4-(4-chloroben2oyl)amino-2-pyrrolidinylcarbonyll- 
2-cyanopyrrolidine (61 7 mg) as amorphous. 

(2) The above-mentioned compound (610 mg) was dissolved in tetrahydrofuran (4 mL) and 4 mol/L hydrochloric 
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acid-1 ,4-dioxan (3.4 mL) was add d thereto. The mixture was stirred at room temp rature for 24 hr. The solv nt 
was vaporated under reduced pressur , and the concentrate was purified by H PLC and fr z -dried to giv th 
titie compound (340 mg) as amorphous. 

1 H-NMR(DMSO-d 6 )81 .87-2.34(5H,m), 2.78-2.93(1 H,m), 3.20-3.75(4H,m), 4.54-4.72(2H,m), 4.85(1 H,dd, 
5 J=7.8,4.7Hz), 7.58(2H,d,J=8.5Hz), 7.86(2H,d,J=8.5Hz), 8.70(1 H,d,J=6.8Hz), 8.88(1 H.brs), 9.74(1 H.brs). 

Example 43 

[01 55] Synthesis of (S)-2-cyano-1 -[(2S,4S)-4-(4-trif luoromethyibenzoyl)amino-2-pyrrolidinylcaroonyl]pyrrolidine hy- 
10 drochloride 

(1 ) The title compound (462 mg) of Reference Example 3,4-trifluoromethylbenzoic acid (285 mg) and triethylamine 
(0.42 mL) were dissolved in DMF (30 mL), and HOBT (241 mg) and EDC hydrochloride (302 mg) were successively 
added under ice-cooling. The mixture was stirred at room temperature for 22 hr. The solvent was evaporated under 

is reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the concentrate. The 

mixture was extracted with ethyl acetate. The extract was washed with brine, dried and evaporated under reduced 
pressure. The residue was purified by silica gel chromatography to give (S)-1-[(2S,4S)-1-tert-butoxycarbonyl- 
4-(4-trifluoromethylbenzoyl)amino-2-pyrrolidinylcarbonyl]-2-cyanopyrroIidine (640 mg) as a colorless oil. 

(2) The above-mentioned compound (640 mg) was dissolved in tetrahydrofuran (15 mL) and 4 mol/L hydrochloric 
20 acid-1 ,4-dioxane (3.3 mL) was added thereto. The mixture was stirred at room temperature for 24 hr. The solvent 

was evaporated under reduced pressure and the concentrate was purified by HPLC and freeze-dried to give the 
title compound (163 mg) as amorphous. 

iH-NMRfDMSO-cyei .92-2.37(5H,m), 2.82-2.96(1 H,m), 3.24-3.65(4H,m), 4.67-4.76(2H,m), 4.89(1 H,dd, 
J=7.8,4.7) f 7.90(2H ( d,J=8.2Hz), 8.06(2H,d,J=8.2Hz), 8.90(1 H,d,J=6.7Hz), 9.0-1 0.0(2H,m). 

25 

Example 44 

[0156] Synthesis of (S)-2-cyano-1-[(2S,4S)-4-(4-cyanobenzoy0amino-2-pyrrolidinylcarbonyl]pyrrolidine hydrochlo- 
ride 

30 

(1) The title compound (462 mg) of Reference Example 3, 4-cyanobenzoic acid (221 mg) and triethylamine (0.42 
mL) were dissolved in DMF (30 mL), HOBT (241 mg) and EDC hydrochloride (302 mg) were successively added 
under ice-cooling. The mixture was stirred at room temperature for 21 hr. The solvent was evaporated under 
reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the concentrate. The 

35 mixture was extracted with ethyl acetate. The extract was washed with brine, dried and evaporated under reduced 

pressure. The residue was purified by silica gel chromatography to give (S)-1-[(2S,4S)-1-tert-butoxycarbonyl- 
4-(4-cyanobenzoyl)amino-2-pyrrolidinylcarbonyl]-2-cyanopyrrolidine (548 mg) as amorphous. 

(2) The above-mentioned compound (548 mg) was dissolved in tetrahydrofuran (15 mL) and 4 mol/L hydrochloric 
acid-1 ,4-dioxane (3.1 mL) was added thereto. The mixture was stirred at room temperature for 5 days. The solvent 

40 was evaporated under reduced pressure, and the concentrate was purified by HPLC and freeze-dried to give the 

title compound (177 mg) as amorphous. 

1 H-NMR(DMSO-d 6 )81.93-2.36(5H,m), 2.80-2.96(1 H,m), 3.26-3.68(4H,m), 4.58-4.76(2H,m), 4.88(1 H,dd, 
J=7.7,4.8Hz), 8.00(4H,s), 8.93(1 H,d,J=6.6Hz), 9.0-1 0.0(2H,m). 

45 Example 45 

[0157] Synthesis of (S)-2-cyano-1 -((2S,4S)-4-nicotinoylamino-2-pyrrolidinylcarbonyl)pyrrolidine 2 trifluoroacetate 

(1) The title compound (462 mg) of Reference Example 3 and triethylamine (0.63 mL) were dissolved in tetrahy- 
so drofuran (10 mL), and nicotinoyl chloride hydrochloride (285 mg) was added thereto. The mixture was stirred at 

room temperature for 15 hr. Water was added to the reaction mixture and the mixture was extracted with ethyl 
acetate. The extract was dried and the solvent was evaporated under reduced pressure. The residue was purified 
by silica gel chromatography to give (S)-1-((2S,4S)-1-tert-butoxycarbonyl-4-nlcotinoylamino-2-pyrrolidinylcarbo- 
nyl)-2-cyanopyrrolidine (1 90 mg) as amorphous. 
55 (2) The above-mentioned compound (1 80 mg) was dissolved in dichloromethane (5 mL), and trifluoroacetic acid 

(0.5 mL) was added thereto. The mixture was stood at room temperature for 15 hr. Th solv nt was vaporated 
under reduced pr ssure, and the residue was purified by HPLC and freeze-dried to give the titl compound (96 
mg) as amorphous. 
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1 H-NMR(DMSO-d 6 )81.86-2.36(5H I m), 2.80-2.97(1 H,m), 3.24-3. 68(4H I m), 4.49-5. 13(3H ,m), 7.58(1Hdd 
J=7.8,4.8Hz), 8.24(1 H,d,J=7.8Hz), 8.76(1 H,d,J=4.8Hz), 8.87(1 H,d,J=6.6Hz), 9.03(1 H,s), 9.93(1 H.brs). 

Exampl 46 

[0158] Synthesis of (S)-2-cyano-1-((2S,4S)-4Hsonicotinoylamino-2-pyiTolidinylcafbonyl)p 

(1) The title compound (462 mg) of Reference Example 3 and triethylamine (0.63 ml_) were dissolved In tetrahy- 
drofuran (1 0 mL), and isonicotinoyl chloride hydrochloride (285 mg) was added thereto. The mixture was stirred 
at room temperature for 15 nr. Water was added to the reaction mixture and the mixture was extracted with ethyl 
acetate. The extract was dried and the solvent was evaporated under reduced pressure. The residue was purified 
by silica gel chromatography to give (S)-1-((2S,4S)-1-tert-butoxy(>arbonyl-4-isonicotinoylamino-2-pyrrolidinylcar- 
bonyl)-2-cyanopyrroIidine (670 mg) as amorphous. 

(2) The above-mentioned compound (650 mg) was dissolved in dichloromethane (16 mL) and trifluoroacetic acid 
(1 .6 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The solvent was evaporated 
under reduced pressure, and the residue was purified by HPLC and freeze-dried to give the title compound (412 
mg) as amorphous. 

1 H-NMR(DMSO-d 6 )51 .87-2.36(5H,m), 2.79-2.96(1 H,m), 3.20-3.68(4H,m), 4.48-5. 15(3H,m), 7.80(2H,d,J=6.0Hz) 
8.70-9.13(4H,m), 9.93(1 H.brs). 

Example 47 

[0159] Synthesis of (S)-2-cyano-1 -((2S,4S)-4-glycylamino-2-pyrrolidinylcarbonyl) pyrrolidine dihydrochloride 

(1) The title compound (464 mg) of Reference Example 3 and N-methylmorpholine (0.16 mL) were dissolved in 
tetrahydrofuran (1 0 mL), and isobutyl chloroformate (0.1 9 mL) was added thereto at -20°C. The mixture was stirred 
for 30 min, and a solution of N-tert-butoxycarbonylglycine (463 mg) and triethylamine (0.21 mL) in DMF (3 mL) 
was added thereto at -20°C. The mixture was stirred at room temperature for 20 hr. Saturated aqueous sodium 
hydrogencarbonate solution was added to the reaction mixture and the mixture was extracted with ethyl acetate. 
The extract was washed with brine, dried and evaporated under reduced pressure. The residue was purified by 
silica gel chromatography to give (S)-1-[(2S > 4S)-1-tert-butoxycarbonyM-(N-tert-butoxycarbonylglycyl)amino- 
2-pyrrolidinylcarbonyl]-2-cyanopyrrolidine (680 mg) as amorphous. 

(2) The above-mentioned compound (360 mg) was dissolved in 1 ,4-dioxane (1 mL) and 4 mol/L hydrochloric acid- 
1 ,4-dioxane (4 mL) was added thereto. The mixture was stirred at room temperature for 4 hr. The precipitated solid 
was collected by filtration to give the title compound (262 mg) as a white solid. 

iH-NMR(DMSO-d 6 )51.7-2.3(5H,m), 2.78(1 H,m), 3.5(2H,m) > 4.26-4.60(2H,m) t 4.84(1 H,dd,J=7.9,4.6Hz), 8 24(3H 
brs), 8.7-9.1 (2H,m), 10.71(1H,brs). 

Example 48 

[01 60] Synthesis of (S)-2-cyano-1 -[(2S,4S)-4-(ethoxyoxalyl)amino-2-pyrrolidinylcarbony l]pyrrolidine trif luoroacetate 

(1) The title compound (464 mg) of Reference Example 3 and triethylamine (0.63 mL) were dissolved in tetrahy- 
drofuran (10 mL), and ethyl chloroglyoxylate (0.18 mL) was added thereto under ice-cooling. The mixture was 
stirred for 2 hr and the solvent was evaporated under reduced pressure. Saturated aqueous sodium hydrogencar- 
bonate solution was added to the concentrate and the mixture was extracted with ethyl acetate. The extract was 
washed with brine and dried. The solvent was evaporated under reduced pressure and the residue was purified 
by silica gel chromatography to give (S)-1 -[(2S,4S)-1 -tert-butoxycarbonyl-4-(ethoxyoxalyl)amino-2-pyrrolidinylcar- 
bonyl]-2-cyanopyrrolidine (615 mg) as amorphous. 

(2) The above-mentioned compound (492 mg) was dissolved in acetonitrile (10 mL), and trifluoroacetic acid (2 
mL) was added thereto under ice-cooling. The mixture was stood at room temperature for 28 hr. The solvent was 
evaporated under reduced pressure, and the residue was purified by HPLC and freeze-dried to give the title com- 
pound (168 mg) as amorphous. 

^-NMRtDMSO-deJSI^H.t^.lHz), 1 .82-2.35(5H,m), 2.82(1H,m), 3.26(1 H,dd,J=1 1.5,7.1 Hz), 3.45(1H,dd, 
J=11. 5,7.1 Hz), 3.5(2H,m), 4.24(2H,q,J=7.1Hz), 4.43-4.62(2H,m), 4.85(1 H,dd,J=7.8,4.8Hz), 8.89(1H,brs), 9 18 
(1H,d,J=7.8Hz), 9.78(1 H.brs). 



34 



EP 1 308 439 A1 



Example 49 

[0161] Synthesis of (S)-2-cyano-1-[(2S,4S)-4-(4-pyridyl)oxy-2-py^ dihydrochtorid 

(1) The title compound (464 mg) of Referenc Exampl 2, 4-hydroxypyridine (144 mg) and triphenylphosphine 
(393 mg) wer dissolved in tetrahydrofuran (20 ml_), and 40% tolu n solution (0.71 mL) of di thyl diazodicarbo- 
xylate was added thereto. The mixture was stirred for 9 days. The solvent was evaporated under reduced pressure, 
and the concentrate was purified by HPLC and freeze-dried to give (S)-1-[(2S,4S)-1-tert-butoxycarbonyl-4-(4-py- 
ridyl)oxy-2-pyrrolidinylcarbonyl]«2-cyanopyrrolidine (178 mg) as amorphous. 

(2) The above-mentioned compound (173 mg) was dissolved in ethyl acetate (1 .0 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (0.6 mL) was added thereto. The mixture was stood at room temperatu re for 5 hr. The precipitated 
white solid was collected by filtration to give the title compound (159 mg). 

1 H-NMR(DMSO-d 6 )51.73-2.42(5H,m) t 2.87-3.03(1 H,m), 3.2-3.8(4H,m), 4.66-4.87(2H,m), 5.53-5.67(m,1 H),7.52 
(1H,d,J=7.2Hz), 8.78(1 H i d i J=75Hz) i 8.81 (1H,d,J=7.2Hz), 8.96(1 H.brs), 1 0.86(1 H,brs). 

Example 50 

[0162] Synthesis of (S)-1-t(2S,4S)-4-(4-aminobenzoyl)oxy-2-pyrrolidinylcarbonyl]-2-cyanopyrrolidine ^hydrochlo- 
ride 

(1) The title compound (619 mg) of Reference Example 1 and triethylamine (0.84 mL) were dissolved in dichlo- 
romethane (10 mL), and 4-nitrobenzoyl chloride (557 mg) and 4-dimethylaminopyridine (24 mg) were added there- 
to. The mixture was stirred at room temperature for 1 4 hr. Saturated aqueous sodium hydrogencarbonate solution 
was added to the reaction mixture and the mixture was extracted with chloroform. The extract was washed with 
brine and dried. The solvent was evaporated under reduced pressure, and the residue was purified by silica gel 
chromatography and recrystallized from ethyl acetate-hexane to give (S)-1 -[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-ni- 
trobenzoyl)oxy-2-pyrrolidinylcarbonyl]-2-cyanopyrrolidine (800 mg) as pale-brown crystals. 

(2) The above-mentioned compound (600 mg) was dissolved in ethyl acetate (1 5 mL), and the mixture was stirred 
under a hydrogen atomosphere (1 atm) in the presence of 10% palladium/carbon (123 mg) for 3 hr. The reaction 
mixture was filtrated and the filtrate was concentrated under reduced pressure. The residue was crystallized from 
ethyl acetate-hexane to give (S)-1 -[(2S,4S)-4-(4-aminobenzoyl)oxy-1 -tert-butoxycarbonyl-2-pyrrolidinylcart)onyl]- 
2-cyanopyrrolidine (96 mg) as white crystals. 

(3) The above-mentioned compound (518 mg) was dissolved in ethyl acetate (1.2 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .5 mL) was added thereto. The mixture was stood at room temperature for 15 hr. The precip- 
itated pale-brown solid was collected by filtration to give the title compound (378 mg). 

iH-NMR(DMSO-d 6 )51.97-2.38(5H,m), 2.76-2.88(1 H,m), 3.40-3. 70(4H,m), 4.63-4.76(1 H,m), 4.88(1H,dd, 
J=7.9,5.3Hz), 5.42-5.50(m,1H),6.71(1H,d,J=8.7Hz) t 7.72(1 H t d,J=8.7Hz); 8.88(1H,brs), 1 0.84(1 H.brs). 

Example 51 

[01 63] Synthesis of (S)-2-cyano-1 -((2S,4S)-4-nicotinoyloxy-2-pyrrolidinylcarbonyl)pyrrolidine di hydrochloride 

(1) The title compound (619 mg) of Reference Example 1 and triethylamine (0.84 mL) were dissolved in dichlo- 
romethane (10 mL), and nicotinoyl-chloride hydrochloride (534 mg) and 4-dimethylaminopyridine (23 mg) were 
added thereto. The mixture was stirred at room temperature for 15 hr. Saturated aqueous sodium hydrogencar- 
bonate solution was added to the reaction mixture and the mixture was extracted with chloroform. The extract was 
washed with brine and dried. The solvent was evaporated under reduced pressure and the residue was purified 
by silica gel chromatography and recrystallized from ethyl acetate-hexane to give (S)-1 -((2S,4S)-1 -tert-butoxycar- 
bonyl-4-nicotinoyloxy-2-pyrrolidinylcarbonyl)-2-cyanopyrrolidine (731 mg) as pale-yellow crystals. 

(2) The above-mentioned compound (41 4 mg) was dissolved in ethyl acetate (2 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (1 .25 mL) was added thereto. The mixture was stood at room temperature for 1 8 hr. The precipitated 
white solid was collected by filtration to give the title compound (524 mg). 

1 H-NMR(DMSO-d 6 )51.97-2.45(5H,m), 2.81 -2.96(1 H,m), 3.45-3. 85(4H,m), 4.67-4.78(1 H,m), 4.86(1 H.dd, 
J=7.9,5.0Hz), 5.60-5.67(m,1H),7.65(1H,dd,J=8.0,5.1Hz), 8.40-8.47(1 H,m), 8.88(1 H,dd,J=5.0,1.6Hz), 9.02(1 H, 
brs), 9.17(1H,d,J=1.8Hz), 1 0.94(1 H.brs). 
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Example 52 

[0164] Synthesis of (S^^ano-l^taS^SH-isonicotinoyloxy^-pyrrolidinylcarbonyOpyrrolidin dihydrochloride 

(1) The till compound (752 mg) of Reference Example 1 and triethylamine (0.84 mL) wer dissolved in dichlo- 
rorn thane (10 mL), and isonicotinoyl chloride hydrochloride (712 mg) and 4-dimethylaminopyridine (40 mg) were 
added thereto. The mixture was stirred at room temperature for 22 hr. Saturated aqueous sodium hydrogencar- 
bonate solution was added to the reaction mixture, and the mixture was extracted with chlorofomi. The extract 
was washed wtth brine and dried. The solvent was evaporated under reduced pressure. The residue was purified 
by silica gel chromatography and crystallized from diethyl ether to give (S)-1-((2S,4S)-1-tert-butoxycartoonyl- 
4-isonicotinoyloxy-2-pyrrolidinylcarbonyl)-2-cyanopyiTolidine (576 mg) as white crystals 

(2) The above-mentioned compound (414 mg) was dissolved in ethyl acetate (1.0 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 25 mL) was added thereto. The mixture was stood at room temperature for 1 8 hr The pre- 
cipitated white solid was collected by filtration to give the title compound (458 mg) 

^oTiST^^L 51 97 2 47 < 5H m ). 2.79-2.92(1H,m). 3.5-3.8(4H,m), 4.68-4.81 (1H,m), 4.87(1H,dd 
J=7.9,5.3H2), 5.60-5.67(m,1H),7.97(2H,d,J=6.0Hz), 8.83(2H,d,J=6.0H 2 ), 8.97(1H,brs), 10.98(1 H.brs). 

Example 53 

™f 2 Synthesis of ^(2S,4SH-amino-2-pyrrolidinylcarbonyO-1 ,3-thiazolidine dihydrochloride 
[0166] 3-((2S 4S)-4-Amino-1-tert-butoxycaroonyl-2-pyrrolidinylcaroonyl)-1,3-thiazolid (title compound of Refer- 
ence Example 1 0 400 mg) was dissolved in ethyl acetate (3.0 mL), and 4 mol/L hydrochloric acid-ethyl acetate (3 75 
mL) was added thereto. The mixture was stood at room temperature for 3 hr. The reaction mixture was concentraied 
under reduced pressure, and the residue was dissolved in ethanol (100 mL). Activated carbon (0.4 g) was added 
thereto and the activated carbon was filtered off. The filtrate was concentrated and diethyl ether was added thereto 
The precipitated solid was collected by filtration to give the title compound (28.8 mg) as a white powder 
(5H bre) d6)S1 ' 85 * 2 ' 06(1H ' m) ' 2 - 71 - 2 - 93 < 1H ' m > 2.99-3.20(2H,m), 3.40-3.98(5H,m), 4.37-4.78(3H,m), 8.86 

Example 54 

[0167] Synthesis of 3-[(2S,4S)-4-(4-cyanophenyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochloride 

(1) 2? ™ corn P° und < 1810 m 9> of Reference Example 10, diisopropylethylamine (3.14 mL) and 4-fluoroben- 
zonrtnle (727 mg) were dissolved in N-methyl-2-pyrrolidone (18 mL), and the mixture was stirred at 1 00°C for 24 
hr. The reaction mixture was poured into saturated aqueous sodium hydrogencarbonate solution, and the mixture 
was extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure 
The residue was purified by silica gel chromatography to give 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-(4-cyanophenyl) 
amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (1 70 mg) as a pale-brown oil 

(2) The above-mentioned compound (170 mg) was dissolved in ethyl acetate (0.42 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (0.53 mL) was added thereto. The mixture was stirred at room temperature for 18 hr. The pre- 
?L P W3S °° lleCted by filtrati0n t0 glve * e title con >Pound (69.3 mg) as a pale-brown powder. 

™ MR ^S0^81 .64., . 80(1 H m)| 2 . 84 -3. 2 o(4H,m), 3.45-3.96(3H,m), 4.1 5-4.34(1 H,m 4.39-4.78(3H,m), 6.70 
(2H,d,J=8.8Hz),6.85-7.01(1H,m),7.52(1H,d,J=8.7Hz),9.45(2H,brs). .m;,o./u 

Example 55 

[0168] Synthesis of 3H(2S,4S)-4-(4-nitrophenyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochloride 

(1 ) The title compound (904 mg) of Reference Example 1 0, diisopropylethylamine (1 .57 mL) and 4-fluoronitroben- 
zene (423 mg) were dissolved in N-methyl-2-pyrrolidone (9 mL), and the mixture was stirred at 80°C for 24 hr The 
reaction mixture was poured into saturated aqueous sodium hydrogencarbonate solution, and the mbcture was 
extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure The 
residuewas purified by silica gel chromatography to give 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-nitrophenyl)amino- 
2-pyirol.dinylcarbonyl]-1 ,3-thiazolidine (91 9 mg) as yellow amorphous. 

(2 > .™ ^ ove ; men . tioned comDOund < 795 m 9> was ^ssolved in ethyl acetate (3.8 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (2.4 mL) was added thereto. Th mixture was stirred at room temperatur for 18 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (647 mg) as a yellow powder. 
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1 H-NMR(DMSO-d 6 )81. 68-1. 87(1 H,m), 2.88-3.30(4H,m), 3.48-3.98(3H p m), 4.24-4.80(4H,m), 6.72(2H,d,J=9.3Hz), 
7.40-7.56(1 H,m), 8.04(2H,d,J=7.5Hz), 9.51(2H t brs). 

Exampl 56 

[0169J Synth sis of 3-[(2S,4S)-4-(4-methan sulfonylphenyl)amino-2-pyrrolidinylcarbonyl]-1 t 3-thlazolidine hydro- 
chloride 

(1) The title compound (904 mg) of Reference Example 10, diisopropylethylamine (1 .57 mL) and 4-fluorophenyl 
methyl sulfone (523 mg) were dissolved in N-methyl-2-pyrrolidone (9 mL), and the mixture was stirred at 100°C 
for 18 hr. The reaction mixture was poured into saturated aqueous sodium hydrogencarbonate solution, and the 
mixture was extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced 
pressure. The residue was purified by silica gel chromatography to give 3-[(2S,4S)-1-tert-butoxycarbonyi- 
4-(4-methanesulfonylphenyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (27 mg). 

(2) The above-mentioned compound (27 mg) was dissolved in ethyl acetate (0.2 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (0.1 mL) was added thereto. The mixture was stirred at room temperature for 1 8 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (19.4 mg). 

1 H-NMR(DMSO-d6)51 .65-1.82(1 H,m), 2.89-3.23(7H,m), 3.49-3.98(3H,m), 4.18-4.78(4H,m), 6.74(2H,d,J=9.0Hz), 
6.80-6.92(1 H,m), 6.63(2H,d,J=9.0Hz), 9.30(2H,brs). 

Example 57 

[01 70] Synthesis of 3-[(2S,4S)-4-(2-cyanophenyI)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochloride 

(1) The title compound (1810 mg) of Reference Example 10, diisopropylethylamine (3.14 mL) and 2-fluoroben- 
zonitrile (727 mg) were dissolved in N-methyl-2-pyrrolidone (18 mL), and the mixture was stirred at 80°C for 32 
hr. The reaction mixture was poured into saturated aqueous sodium'hydrogencarbonate solution, and the mixture 
was extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure. 
The residue was purified by silica gel chromatography to give 3-f (2S,4S)-1 -tert-butoxycarbonyl-4-(2-cyanophenyl) 
amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (88 mg). 

(2) The above-mentioned compound (88 mg) was dissolved in ethyl acetate (0.4 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (0.3 mL) was added thereto. The mixture was stirred at room temperature for 1 8 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (25 mg). 

iH-NMRfDMSO-cySI .74-1 .95(1 H,m), 2.85-3.1 6(3H,m), 3.30-3.92(4H,m), 4.27-4. 79(4H,m>, 6.1 5-6.27(1 H,m), 
6.77(1 H,t,J=7.5Hz), 6.87(1 H,d,J=8.4Hz), 7.38-7.59(2H,m), 8.90(1H,brs), 1 0.80(1 H.brs). 

Example 58 

[01 71] Synthesis of 3-t(2S,4S)-4-(5<yano-2-pyridyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine dihydrochloride 

(1 ) The title compound (904 mg) of Reference Example 1 0, diisopropylethylamine (1 .57 mL) and 2-chloro-5-cyan- 
opyridine (416 mg) were dissolved in N-methyl-2-pyrrolidone (9 mL), and the mixture was stirred at 80°C for 18 
hr. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution, and the mixture 
was extracted with ethyl acetate. The extract was'dried and the solvent was evaporated under reduced pressure. 
The residue was purified by silica gel chromatography to give 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(5-cyano-2-py- 
ridyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (807 mg) as white amorphous. 

(2) The above-mentioned compound (71 1 mg) was dissolved in ethyl acetate (1 .76 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (2.20 mL) was added thereto. The mixture was stood at room temperature for 18 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (709 mg) as a white powder. 
1 H-NMR(DMSO-d 6 )51 .74-1 .94(1 H,m), 2.78-2.94(1 H,m), 2.97-3.26(3H,m), 3.40-3.77(31-1,01), 4.40-4.80(4H,m), 
6.64(1 H,d,J=9.0Hz), 7.77(1 H,dd,J=8.7,2.4Hz), 8.08(1H,brs), 8.46(1 H,d,J=1.8Hz), 8.86(1H,brs), 1 0.37(1 H.brs). 

Example 59 

[0172] Synthesis of 3-[(2S,4S)-4-(3,4-dicyanophenyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochloride 

(1 ) Th title compound (0.904 g) of Referenc Example 1 0, diisopropylethylamine (1 .57 mL) and 4-fluorophthalo- 
nitrile (0.438 g) were dissolved in N-methyl-2-pyrrolidone (9 mL), and the mixture was stirred at 80°C for 4 hr. The 
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xSTJ 2? *T P ? U t ° SatUrated aqU80US SOdium ^rogenca-tonate solution, and the mixture was 
xtract d with ethyl acetate. The extract was dried and the solvent was evaporated under reduced d^hT ?U 
^^P^^itag-chn^l^to^ 3-[(2S.4S)-1-te rt Lo^ 
am l no-2-pyrrol.d.nylcarbonylh1,3-thia 2 olidine (1.08 g) as white amorphous d.cyanophenyl) 

ic L^hytaS ^ W T S$0W d ^ aC6tat (2 ' 16 mL > and ' 4 m ^ ^chloric 

Example 60 

[0173] Synthesisof3-[(2S,4SM-(3^^ 

(1) The title compound (0.904 g) of Reference Example 10, diisopropylethylamine CI 57 mil an d ? rhior^ «..„ 
obenzonitrile (0.467 g) were dissolved in N-methy.^rroiidone 9 SS^^J^^SSXS^ 
hr. The reaction mixture was poured into saturated aqueous sodium h^ogmJ^JZS^^SZl 
was extracted with ethyl acetate. The extract was dried and the solvent was evaporated mEZ££iZ!£ 
The res.due was purified by silica gel chromatography to give 34(2S 4SM4ertCo^*oL^/f If ^ 

^Z^TTr^^ 9 l ^ iSS °^ ed 6thyl aC6tate < 2 88 mL > an * 4 ^chtoric 
acio^xnyi acetate (1 .80 mL) was added thereto. The mixture was stirred' at room temperature for 1 8 hr and »» 

fsesess was co,iected by firtration ,o give the tit,e c ° m p° und (° 9) rrsi££i 

Example 61 

[0174] Synthesis of 3*2S,4S H -(2*enzoxazoW^^ hydrochloride 

(1 ) The .we compound (904 mg) of Reference Example 10, diisopropylethylamine (1 57 mL) and 2«hlorob e n7 0 , 

TTlXaZ " N " B -^n^ (9 mL), and' the mixture £ a 

for 1 hr. The reaction mixture was poured into saturated aqueous sodium hydroaencarbonate so Znn «, 

w ^ extra r wfth • ethyi acetate - ^ m ~ - S^ciit s 

S5S USSr? 9We the trae compound (656 mg) as a 

Example 62 

[0175] Synthesis of 3-((2S,4S)^.ben2ylamino-2-pyrrolidinylcarbonyl)-1.3-thia2olidine dihydroohloride 

111 th , 6 miXtUre W3S Stirred at room »«npe«tuiB for 30 min. Sodium cyanoborohydride M89 mo) and 

several drops of acetic acid were added to the reaction mixture, and the mixture was sttrodforfl fhr t£3^ 

s t eva r ated under reduced pressure - saturated i»~ ^"X^iSzs 

added to the residue and the mixture was extracted with ethyl acetate. The extract was dried Tandlhe 21nt Z 
evaporated under reduced pressure. The residue was purL by siiica gJ3SS^T£ ™ 3J 

(2) The above-mentioned compound (742 mg) was dissolved in ethyl acetate (3.8 mL) and 4 mol/L hydrochloric 
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acid-ethyl ac tate (2.4 ml_) was added thereto. The mixtur was stirred at room t mp ratur for 1 8 hr and th 
precipitated solid was collected by filtration to giv th titl compound (540 mg) as a white powder. 
1 H-NMR(DMSO-ds)52.1 0-2.32(1 H,m), 2.86-3.20(3H,m), 3.49-4.03(5H t m), 4.21 (2H f s), 4.39-4.80(3H,m) r 7.31 -7.52 
(3H,m), 7.52-7.72(2H,m), 10.17(4H,brs). 

5 

Example 63 

[0176] Synthesis of 3-[(2S,4S)-4-(4-cyanophenylmethyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thlazolidine ^hydrochlo- 
ride 

10 

(1 ) The title compound (904 mg) of Reference Example 1 0 and 4-cyanobenzaldehyde (393 mg) were dissolved in 
methanol (16 mL), and the mixture was stirred at room temperature for 30 min. Sodium cyanoborohydride (189 
mg) and several drops of acetic acid were added to the reaction mixture, and the mixture was stirred for 18 hr. 
The reaction mixture was evaporated under reduced pressure. Saturated aqueous sodium hydrogencarbonate 

*5 solution was added to the residue and the mixture was extracted with ethyl acetate. The extract was dried and the 

solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatography to give 

3- [(2S,4S)-1-tert-butoxycarbonyl-4-(4«*anophen (389 
mg) as a colorless transparent oil. 

(2) The above-mentioned compound (389 mg) was dissolved in ethyl acetate (0.9 mL) and 4 mol/L hydrochloric 
20 acid-ethyl acetate (1 .2 mL) was added thereto. The mixture was stood at room temperature for 1 8 hr. The precip- 
itated solid was collected by filtration to give the title compound (286 mg) as a white powder. 
1 H-NMR(DMSO-d6)62.06-2.34(1 H,m), 2.85-3.01 (1 H,m), 3.01 -3.20(2H,m) t 3.50-4.06(5H,m), 4.30(2H,s), 4.41 -4.79 
(3H,m), 7.80(2H,d,J=8.1Hz), 7.95(2H l d,J=8.4Hz) > 9.05(1 H,brs), 10.30(3H,brs). 

25 Example 64 

[0177] Synthesis of 3-{(2S t 4S)-4-[N-(4-cyanophenylmethyl)-N-methylamino]-2-pyrrolidinylcarbonyl}-1 l 3-thiazo 
dihydrochloride 

30 (1) 3-[(2S,4S)-1-tert-Butoxyrarbonyl-4-(4-cyanopheny^ 

[product of Example 63 (1), 1 .35 g] and 37% formaldehyde solution (0.788 mL) were dissolved in acetonitrile (20 
mL), and the mixture was stirred at room temperature for 30 min. Sodium cyanoborohydride (0.305 g) and several 
drops of acetic acid were added to the reaction mixture, and the reaction mixture was stirred for 1 hr. The reaction 
mixture was evaporated under reduced pressure. Saturated aqueous sodium hydrogencarbonate solution was 

35 added to the residue and the mixture was extracted with ethyl acetate. The extract was dried and the solvent was 

evaporated under reduced pressure. The residue was purified by silica gel chromatography to give 3-{(2S,4S)- 
1-tert-butoxycaifconyl-4-[N-(4-cyanophenylm^ 
(0.953 g) as white amorphous. 

(2) The above-mentioned compound (0.818 g) was dissolved in ethyl acetate (3.8 mL) and 4 mol/L hydrochloric 
40 acid-ethyl acetate (2.4 mL) was added thereto. The mixture was stirred at room temperature for 5 hr. The precip- 

itated solid was collected by filtration to give the title compound (0.683 g) as a white powder. 
iH-NMRtDMSO-dgJo^^O^^tlH^), 2.57(3H,s), 2.80-3.20(3H,m), 3.57-4.1 7(5H,m), 4. 20-4.85 (5H,m), 7.88(2H, 
d,J=7.8Hz), 7.96(2H,d,J=8.4Hz), 9.12(1H,brs), 10.95(1H,br 12.50(1 H.brs). 

45 Example 65 

[0178] Synthesis of S-tpS^RM-^-methoxy^-phenyM^ trihy- 
drochloride 

50 (1 ) N-tert-Butoxycarbonyl-L-trans-hydroxyproline (5.67 g) was dissolved in dimethyl sulfoxide (70 mL), and potas- 

sium tert-butoxide (6.88 g) was gradually added thereto at room temperature. The mixture was stirred for 1 .5 hr. 

4- Chloro-7-methoxy-2-phenylquinoline (7.28 g) was gradually added to this solution, and the mixture was stirred 
for 17 hr. Water was added to the reaction mixture and the mixture was washed with ethyl acetate/hexane (1/1). 
The aqueous layer was adjusted to pH 4 with 1 mol/L hydrochloric acid, and the precipitate was collected by 

55 filtration to give (2S,4R)-1-tert-butoxycarbonyl-4-(7-metho 

acid (8.00 g) as a whit solid. 

(2) Using the above-mentioned compound (546 mg) and in th same mann r as in Reference Example 9, 3-[(2S, 
4R)-1 -tert-butoxycarbonyl-4-(7-methoxy-2-phenyl-4-quinolyl)oxy-2-pyrrolidinylcar^ ,3-thiazolidine (568 mg) 
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was obtained as a white solid. 

(521 mg) was obtained as a white powder. p 
ShLT^^^ 2.96-3.12(3H,m), 3.68-3.97(4H,m), 3.99(3H,s), 4.48-4.94(3H,m), 

br!! u! K$£!5 1H,d,J=81HZ)l 7 - 69 - 7 - 70 < 4 H.'n). 7.91(1H,brs). 8.26(21^=7.41*). 8.57(1H.b,s), 9 10(1H, 

Example 66 

[0179] Synthesis of 3-((2S,4S)-4-benzoyloxy-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine 

(1 ) Using the title compound (643 mg) of Reference Example 11 and benzoyl chloride (0.44 mL), and in the same 

21!^^ (4 ? x? W3S dfeSOlVed in 6thyl aC6tate (4 mL) and 4 moW " Mroch.oric acid- 

ethyl acetate (1 .3 mL) was added thereto. The mixture was stirred at room temperature for 14 hr and the solvent 

and extracted w,th ethyl acetate. The extract was washed with brine and dried. The solvent was evaporated under 
reduced pressure and the residue was purified by silica gel chromatography to give the title compTund (315 mg) 

iH-NMR(DMSO-d6)61 .83-1 .93(1 H,m), 2.45-2.57(1 H,m), 2.87(1 H,dd,J=1 2.8,4.2Hz) 2 99(1 H t J-6 3Hz) 3 08(1 H 
4.72(0.5H.d.J=9.5Hz). 5.28-5.36(1 H,m), 7.52(2H,t.J=7.4Hz), 7.65(1 H,t,J=7.4Hz), 7 .9^(2H.d ,J=7 ^4Hzt 
Example 67 

[0180] Synthesis of 3^(2S,4S)-4-(4-cyanobenzoyl)oxy-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine 

(1) Using the title compound (445 mg) of Reference Example 11 and 4-cyanobenzoyl chloride (371 mg) and in 

carbonyl]-1,3-thiazolidine (51 9 mg) was obtained as a pale-brown solid pynonoinyi 
SIIJSI 8 ^ OVe - m t ntioned com P°"n« 086 mg), and in the same manner as in Example 66 (2), the title com- 
pound (280 mg) was obtained as a pale-yellow solid. 

lH-NMR(DMSO-d 6 )51 .88-1 .97(1 H,m), 2.46-2.58(1 H,m), 2.88(1 H,dd,J=12.9,4.0Hz), 2.99(1 H t J=6 3Hz) 3 09f1 H 
4^2^ 

4.72(0.5H,d,J=9.5Hz), 5.33-5.38(1 H,m), 8.01 (2H,d,J=8.3Hz),8.07(2H,d,J=8.3Hz). 
Example 68 

[0181] Synthesis of 3-((2S,4SM-anilino-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine dihydrochloride 

(1) The title compound (501 mg) of Reference Example 12, aniline (0.20 mL) and acetic acid (0 10 mL) were 

T han0 nL 1 ° mL) ' ^ the m ^ Ure W3S S ^ 
dnde (145 mg) was added to the reaction mixture and the mixture was stirred for 2 hr. The reaction miXre was 

: der .^ P' essure - s ™d aqueous sodium hydrogencarbonate so.ution was aSTo » 

7JlTr*TT e T e ? aCted ^ ,heth y ,acetateThe ^ctwas washed with brineand dried. Thesolve^ 

mgTafi?^ 9 ^ 

(2) The above-mentioned compound (1 42 mg) was dissolved in ethyl acetate (2 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (0.5 mL) was added thereto. The mixture was stirred at room temperature fo™ it* -^SpnSS 

1 H-NMR(DMSO-d e )81.64-1.78(1H l m), 2.84-2.97(1 H,m), 3.00-3. 1 9(3H m) 343-3 55MHrm 3 60 4?n«HmA 
4.41-4.76(3H,m),6.56-6.67(3H,m) l 7.13(2H,t,J=7 2Hz),8.79(1H,b4V0^ 3.60-4.20(5H,m). 

Example 69 

[0182] Synthesis of 3^(2S,4SH-(4.arninophenyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochloride 
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[0183] The title compound (200 mg) of Exampl 55 was dissolved in thanol (1 0 mL), and 4 mol/L hydrochloric acid- 
1 ,4-dioxane (0.28 mL) and 10% palladium/carbon (100 mg) were add d. Th mixtur was stirr d und r a hydrog n 
atomosphere (1 atm) at room temperature for 1 8 hr. Th reaction mixture was f iltrat d and the filtrate was concentrat d 
under reduced pressure, and th obtain d solid was washed with ethanol to give the title compound (1 3 mg) as a white 
powder. 

1 H-NMR(DMSO-d 6 )81 .58-1 .80(1 H,m), 2.83-3.00(1 H,m), 3.00-3.20(3H,m), 3.60-3.90(3H,m), 4.08-4.25(1 H,m), 
4.39-4.79(3H,m), 6.67(2H,d l J=8.7Hz), 7.15(2H,d,J=8.7Hz), 8.81(1H,brs), 10.00(3H,brs), 1 0.25(1 H,brs). 

Example 70 

[0184] Synthesis of 3-[(2S,4S)-4-(p-anisidino)-2-pyrrolidinylcaifconyl]-1 ,3-thiazolidine dihydrochloride 

(1) The title compound (450 mg) of Reference Example 12, p-anisidine (222 mg) and acetic acid (0.09 mL) were 
dissolved in 1 ,2-dichloroethane (8 mL), and sodium triacetoxyborohydride (636 mg) was added thereto. The mix- 
ture was stirred at room temperature for 3 hr. Saturated aqueous sodium hydrogencarbonate solution was added 
to the reaction mixture, 'and the mixture was extracted with ethyl acetate. The extract was washed with brine and 
dried. The solvent was evaporated under reduced pressure, and the residue was purified by silica gel chromatog- 
raphy to give 3-[(2S,4S)-4-(p-anisidino)-1 -tert-butoxycarbonyl-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (515 mg) as 
a white solid. 

(2) The above-mentioned compound (448 mg) was dissolved in ethyl acetate (10 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .4 mL) was added thereto. The mixture was stirred at room temperature for 1 3 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (223 mg) as a white powder. 
^H-NMR(DMSO-d 6 )61 .77=1 .90(1 H,m), 2.77-2.89(1 H,m), 3.00-3.1 4(3H,m), 3.20-4. 20(1 H,m), 3.60-4.20(6H,m), 
4.40-4.72(3H t m), 6.87(4H,s), 8.84(1 H.brs), 1 0.33(1 H,brs). 

Example 71 

[01 85] Synthesis of 3-[(2S,4S)-4-(4-chlorophenyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine dihydrochloride 

(1) Using the title compound (450 mg) of Reference Example 12 and p-chloroaniline (230 mg), and in the same 
manner as in Example 70 (1), 3-[(2S,4S)-1-tert-butoxycarbonyM-(4-chlorophenyl)amino-2-pyrrolidinylcart)onyl]- 
1 ,3-thiazolidine (415 mg) was obtained as an oil. 

(2) Using the above-mentioned compound (412 mg), and in the same manner as in Example 70 (2) the title com- 
pound (297 mg) was obtained as a white powder. 

iH-NMRfDMSO-cySI .63-1 .78(1 H,m), 2.84-2.97(1 H,m), 3.00-3.1 7(3H,m), 3.5-3.92(3H,m), 4.07-4.1 8(1 H,m), 
4.40-4.73(3H,m), 6.62(2H,d,J=8.8Hz), 7.15(2H,d,J=8.8Hz), 8.86(1 H.brs), 1 0.23(1 H,brs). 

Example 72 

[0186] Synthesis of 3-[(2S,4S)-4-(2-chloro-4-cyanophenyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochlo- 
ride 

(1) The title compound (904 mg) of Reference Example 10, diisopropylethylamine (1 .57 mL) and 3-chloro-4-fluor- 
obenzonitrile (467 mg) were dissolved in N-methyl-2-pyrrolidone (9 mL), and the mixture was stirred at 80°C for 
8 hr. The reaction solution was added to saturated aqueous sodium hydrogencarbonate solution, extracted with 
ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure. The residue was 
purified by silica gel chromatography to give 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(2-chloro-4-cyanophenyl)amino- 
2-pyrroiidinylcarbonyl]-1 ,3-thiazolidine (460 mg) as a white solid. 

(2) The above-mentioned compound (395 mg) was dissolved in ethyl acetate (1 .8 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1.13 mL) was added thereto. The mixture was stirred at room temperature for 4 hr, and the 
precipitated solid was collected by filtration to give the title compound (177 mg) as a white powder. 
1 H-NMR(DMSO-d 6 )51 .80-1 .99(1 H,m), 2.82-3.1 7(3H,m), 3.25-3.94(4H,m), 4.36-4.54(2H,m), 4.54-4.80(2H,m), 
6.42(1 H,d,J=7.8Hz), 6.93(1 H,d,J=8.7Hz), 7.64(1 H t dd,J=8.4 ,1.8Hz), 7.82(d,J=1.8Hz). 

Example 73 

[0187] Synthesis of 3-[(2S,4S)-4-(3-chloro-4-methoxypheny0amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidin dihydro- 
chloride 
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(1) Using the title compound (450 mg) of R ference Example 12 and 3-chloro-4-methoxyanilin (284 mg), and in 
the same manner as in Example 70 (1), 3K(2S,4S)-1-tert-butoxycarbonyl-4-(3-chloro-4-methoxyphenyl)amino- 
2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (569 mg) was obtained as an oil. 

(2) Using th above-mentioned compound (561 mg), and in the sam manner as in Exampl 70 (2), the titl com- 
pound (429 mg) was obtained as a pale-brown powder. 

^nIf5? , ! l , SO ' d6)51 ' 62 " 1 - 76(1H ' m) ' 282 - 2 - 95 ( 1 H.m), 3.00-3.18(3H,m), 3.5-3.92(6H,m), 4.07-4.1 8(1 H,m), 
4.40-4.73(3H,m), 6.61(1H,dd.J=8.8,2.7Hz), 6.75(1 H,d,J=2.7Hz), 6.98(1 H,d,J=8.8Hz). 8.80(1H,brs), 10.15(1H, 

Example 74 

chlSde SymheSiS ° f 3 ^ (2S ^)^-< 3 - 4 - me *y |en ^ io xyphenyl)amino-2-pyn-olidinylcarbonyl]-1 ,3-thiazolidine dihydro- 

(1) Using the title compound (450 mg) of Reference Example 12 and 3,4-methylenedioxyaniline (249 mg) and in 
the same manner as in Example 70 (1), 3-l(2S ( 4S)-1-tert-butoxycarbonyl-4-(3,4-methylenedioxyphenyl)amino- 
2-pyrrolidinylcattoonylM ,3-thiazolidine (553 mg) was obtained as a pale-brown-reddish solid 

(2) Using the above-mentioned compound (549 mg), and in the same manner as in Example 70 (2), the title com- 
pound (457 mg) was obtained as a pale-brown-reddish powder. 

1 H-NMR(DMSO-de)81 .72-1 .85(1 H,m), 2.820-2.93(1 H,m), 3.00-3.28(3H,m), 3.45-3.57(1 H ml 3 60-3 95f2Hm> 
Example 75 

chloride SynthCSiS ° f ^K 28 '^-* 5 - 1 * 1 " 0 ™^* 1 - 2 ^ dihydro- 

(1) The title compound (904 mg) of Reference Example 1 0, diisopropylethylamine (1 .57 mL) and 2-chloro-5-trif- 
uoromethylpyridine (545 mg) were dissolved in N-methyl-2-pyrrolidone (9 mL), and the mixture was stirred at 80°C 
fori 8 hr. The reaction solution was added to saturated aqueous sodium hydrogencarbonate solution, and extracted 
with ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure. The residue 
was punf.ed by silica gel chromatography to give 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(5-trifluoromethyl-2-pyridyl) 
amino-2-pyrrolidinylcarbonylJ-1 ,3-thiazolidine (143 mg). 

(2) The above-mentioned compound (143 mg) was dissolved in ethyl acetate (0.64 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (0.32 mL) was added thereto. The mixture was stirred at room temperature for 18 hr The pre- 
cipitated solid was collected by filtration to give the title compound (65 mg) as a brown powder. 
iH-NMR(DMSO-de)51.71-1.93(1H,m), 2.80-2.98(1 H,m), 3.00-3.28(3H,m), 3.34-3.99(3H m) 4 40-4 80(4Hm) 
6.68(1H,d,J=9.0Hz), 7.74(1 H,dd,J=8.7,2.4Hz), 7.83(1 H.brs), 8.35(1 i,d,jJl.2Hz), 8.9l!lH,brs), 10^(X') 

Example 76 

(1) 2^hloro-5-trifluoromethylpyridine (5 g) was dissolved in chloroform (150 mL) and m-chloroperbenzoic acid 
(14.3 g) was added thereto. The mixture was stirred at 60°C for 30 hr. Aqueous sodium thiosulfate solution and 
saturated aqueous sodium hydrogencarbonate solution were added to the reaction mixture, and after stirring the 
mixture was extracted with chloroform. The extract was washed successively with saturated aqueous sodium 
hydrogencarbonate solution and brine, and dried. The solvent was evaporated under reduced pressure and the 
residue was purified by silica gel chromatography to give 2^hloro-5-trifluoromethylpyridine 1 -oxide (0 64 g) 

(2) The above-mentioned compound (610 mg) was dissolved in acetonitrile (5 mL), and triethylamine (0 861 mL) 
and trimethylsilyl cyanide (1.16 mL) were added thereto. The mixture was refluxed for 4 hr. Saturated aqueous 
sodium hydrogencarbonate solution was added to the reaction mixture, and the mixture was extracted with ethyl 
acetate. The extract was washed with brine and the solvent was evaporated under reduced pressure The residue 
was purified by silica gel chromatography to give 6-chloro-3-trifluoromethylpyridine-2-carbonitrile (401 mg) as a 

i6Q Oil. 

(3) The above-mentioned compound (381 mg), the title compound (556 mg) of Reference Example 1 0 and diiso- 
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propylethylamin (0.96 ml_)w r dissolved in N-methyl-2-pyrrolidon . (6 mL), and the mixtur was stirred at room 
temperatur for 1 8 hr. The reaction solution was added to saturated aqueous sodium hydrogencarbonate solution 
and extracted with thylac tat . Th xtract-was dried and the solvent was evaporat d under reduced pressure. 
Ther sidu was purified by silica g I chromatography to give 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(6-cyano-5-trif- 

5 luorom thyl-2-pyridyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (509 mg) as a colorless transpar nt oil. 

(4) The above-mentioned compound (481 mg) was dissolved in thy! acetate (2.04 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .02 mL) was added thereto. The mixture was stirred at room temperature for 8 hr. The reaction 
solvent was evaporated under reduced pressure, and the obtained solid was washed with ethyl acetate to give 
the title compound (272 mg) as a white powder. 

10 1 H-NMRfDMSO-oySI .71 -1 .95(1 H t m), 2.77-2.98(1 H,m), 2.99-3.27(3H,m), 3.48-3.99(3H,m), 4.40-4. 80(4H,m), 

6.96(1 H,d,J=9.0Hz) 7.93(1 H,d, J=9.0Hz), 8.40(1 H,t,J=6.0Hz), 9.55(1 H.brs). 

Example 77 

15 [0191] Synthesis of 3-{(2S,4S)-4-(5,6-dic^ano-2-pyiidyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochloride 

(1) 2-Chioropyridine-5-carbonitrile (7.01 g) was dissolved in acetonitrile (70 mL), and urea hydrogen peroxide 
addition compound (1 0 g) was added. Trifluoroacetic anhydride was added dropwise to the reaction mixture under 
ice-cooling and the mixture was stirred at room temperature for 1 8 hr. The reaction mixture was added to aqueous 

20 sodium thiosulfate solution and the mixture was extracted with chloroform. The extract was washed successively 

with saturated aqueous sodium hydrogencarbonate solution and brine and dried. The solvent was evaporated 
under reduced pressure and the residue was 'purified by silica gel chromatography to give 2-chloro-5-cyanopyridine 

1 - oxide (0.779 g) as a white solid. 

(2) Using the above-mentioned compound (779 mg), and in the same manner as in Example 76 (2), 6-chloro- 
25 2,3-dicyanopyridine (1 98 mg) was obtained as a brown solid. 

(3) Using the above-mentioned compound (196 mg) and the title compound (361 mg) of Reference Example 10, 
and in the same manner as in Example 76 (3), 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(5,6-dicyano-2-pyridyl)amino- 

2- pyrrolidinylcarbonyl]-1 ,3-thiazolidine (338 mg) was obtained as a white solid. 

(4) The above-mentioned compound (338 mg) was dissolved in ethyl acetate (1 .58 mL) and 4 mol/L hydrochloric 
30 acid-ethyl acetate (0.79 mL) was added thereto. The mixture was stirred at room temperature for 6 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (1 78 mg) as a pale-yellow powder. 
^-NMRpMSO-oySI .71-1 .98(1 H,m), 2.80-3.00(1 H.m), 3.00-3.24(3H,m), 3.49-4.00(3H,m), 4.39-4.90(3H,m), 
6.94(1 H,d,J=9.0Hz), 7.97(1 H,d,J=8.7Hz), 8.70(1 H.brs), 9.55(2H t brs). 

35 Example 78 

[0192] Synthesis of 3-[(2S,4S)-4-(3-cyanophenylmethyl)amino-2-pyrrolidinyIcarbonyl]-1 ,3-thiazolidine dihydrochlo- 
ride 

40 (1) Using the title compound (3.62 g) of Reference Example 10 and 3-cyanobenzaldehyde (1.57 g), and in the 

same manner as in Example 63 (1), 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(3-cyanophenylmethyl)amino-2-pyrrolidi- 
nylcarbonyl]-1 ,3-thiazolidine (2.01 g) was obtained. 

(2) The above-mentioned compound (313 mg) was dissolved in ethyl acetate (1 .50 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (0.94 mL) was added thereto. The mixture was stirred at room temperature for 1 8 hr. The pre- 
45 cipitated solid was collected by filtration to give the title compound (21 7 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )52.09-2.30(1H,m), 2.87-3.01 (1H,m), 3.07(1 H,t,J=6.3Hz), 3.15(1H,t,J=6.0Hz), 3.50-4.05(5H, 
m), 4.27(2H,s), 4.40-4.78(3H,m), 7.67(1 H,t,J=7.8Hz), 7.84-8.00(2H,m), 8.10(1 H,s), 10.28(3H,brs). 

Example 79 

50 

[0193] Synthesis of 3-[(2S,4S)-4-(4-trifluoromethylphenylmethyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine ^hy- 
drochloride 

(1 ) Using the title compound (1 .81 g) of Reference Example 1 0 and 4-(trifluoromethyl)benzaldehyde (1 .05 g), and 
55 in the same manner as in Example 63 (1 ), 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-trifluoromethylphenylmethyl)ami- 

no-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidin (1 .69 g) was obtained. 

(2) Th above-mentioned compound (488 mg) was dissolved in ethyl acetate (2.1 2 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .33 mL) was added thereto. The mixture was stirred at room temperature for 18 hr and the 



43 



EP 1 308 439 A1 



rSSSHS!^. ?' leCted by filtrati ° n t0 9ive the tttl com P° und < 375 m 9> ^ a whit powder 
Exampl 80 

Ee Synthesisof ^ 

imi^ M^m.T""^ 0 - 9 ? 4 9) ° f Ref6renCe Example 10 ' ^nobenzyl bromide (1 .29 g) and diisopropylethvl- 
for 18 hr. The react.on m.xture was added to saturated aqueous sodium hydrogencarbonate solIT andt 
^l Wa f extra ^ ■*» *W acetate. The extract was dried and the solvent L evS S redul 
pressure. The res.due was purified by silica gel chromatography to give 3-{(2S 4S)-1-teT-bu3rZnS T 
(4K:yanophenylmethy0lami n o.2-pyr ro iidinylca ro onyl}-1 ,3-thiaTolidine (1 27g) butoxycarbonyl-4-[b,s 

i^myTa°ce^eTrmn 7™!^! 9> in «« acetate «"* mL) and 4 moUL hydrochloric 

dcia^inyi acetate (2.65 mL) was added thereto. The mixture was stirred at room temDerature for 1ft hr *nH th* 

Example 81 

[0195] Synthesisof3-[(2S,4S)-4-(4-imidazoNm^ 

fn Ih^^mflf C ° mP0U c d (9M m9) ° f ReferenCe Examp,e 1 0 and 4-imidazolecarboxyaldehyde (288 mg) and 

^lT^TT^l { Sl m9 l Wa 4 diSS0 ^ in «W « ■« mL) and 4 moM. hydrochloric 

^n^T rT ( . > add6d theret0 - The mixture was stilTed at r °oni temperature for 18 hr The nre- 
apjated eo..d was collected by nitration, and washed with ethano, to g*e the tftle compound (77 mgJas^vZ 

lH-NMR(DMSO-d 6 )52.04-2.26(1H,m), 2.88^.1 0(8H,m), 4.25-4.80(5H,m) ( 7.82(1H,s), 9.07(1H,S). 
Example 82 

fce oToiin Aw ^ m ? WaS °' ve ^ ' n DMF (1 0 mL), and potassium tert-butoxide (93 mg) was added under 
ce coonng. After stirnng the mixture for 1 0 min, benzyl bromide (94 m) was added, and he Z^as stred a 

eZSwi r ° r 3 t d t ayS Th 1 ° % ** aCid S °' Uti0n Was added * *• re^^^e^TZ 

(2) The above-mentioned compound (1 96 mg) was dissolved in ethyl acetate (2 mL) and 4 mol/L hydrochloric B oW 
ethyl acetate (0.5 mL) was added thereto. The mixture was stirred at room temped 

j;:^ 011 ^ "y «'^tion to give the title compound (112 mg) as a pale-yellow^powder preC,p,tated 
3 58 N 3 9r H S ^^ 2 e9-2.76(1H,m), S.OO^I (2H,m), Lsl^, 3.41 -3.48(1 H m) 

Example 83 

[0197] Synthesis of 3fl?S.4S)^(14n^ 
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(1) The title compound (950 mg) of Reference Example 13 and thiazolidin (0.27 mL) w re dissolved In DMF (20 
ml_), and HOBT (666 mg) and EDC hydrochloride (666 mg) were added successiv ly. Th mixture was stirred at 
room temperature for 4 hr. Th reaction mixture was added to saturated aqueous sodium hydrogencarbonat 
solution, and extracted with thyl ac tat . Th xtract was washed with brine and dri d. The solvent was vapo- 
rated under r ducedpressur andth r sidue was purified by silica gel chromatography to give 3-[(2S,4S)-1 -tert- 
butoxycarbonyl-4-(1-indolyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (978 mg) as a white solid. 

(2) Using the above-mentioned compound (665 mg), and in the same manner as in Example 68 (2), the title com- 
pound (486 mg) was obtained as a red powder. 

1 H-NMR(DMSO-d6)82.1 4-2.28(1 H,m), 2.98-3.1 8(4H J m), 3.4-3.97(3H l m), 4.43-4.87(3H,m), 5.38-5.55(1 H,m), 6.55 
(1H,d,J=3.3Hz), 7^7(1H,U-7.1Hz), 7.20(1 H,d,J=7.1 Hz), 7. 48-7. 63(3 H.m), 9.25(1H,brs), 10.45(1 H,brs). 

Example 84 

[0198] Synthesis of 3-[(2S,4S)-4-(1 -indolinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine dihydrochloride 

(1) Using the title compound (601 mg) of Reference Example 12 and indoline (0.27 mL), and in the same manner 
as in Example 70 (1), 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(1 -lndolinyO-2-pyrrolidInylcarbonyl]-1 ,3-thiazolidine (460 
mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (436 mg), and in the same manner as in Example 70 (2), the title com- 
pound (373 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )81 .83-1 .97(1 H,m), 2.62-2.77(1 H,m), 2.88(2H,t,J=8.2Hz), 3.04(1 H,t,J=7.0Hz), 3.12(1 H,t, 
J=6.2Hz) t 3.20-3.95(6H,m), 4.40-4. 78(4H,m), 6.55-6.68(2H,m), 6.98-7.09(2H,m), 8.84(1 H.brs), 10.31(1H,brs). 

Example 85 

[0199] Synthesis of 1 -[(2S,4S)-4-(1 -indolinyl)-2-pyrrolidinyicarbonyl]pyiTolidine dihydrochloride 

(1) Using the title compound (565 mg) of Reference Example 14 and indoline (0.27 mL), and in the same manner 
as in Example 70 (1), 1 -[(2S,4S)-1 -tert-butoxycarbonyM-(1 -indolinyl)-2-pyrrolidinylcarbonyl]pyrrolidine (653 mg) 
was obtained as a white solid. 

(2) Using the above-mentioned compound (648 mg), and in the same manner as in Example 70 (2), the title com- 
pound (491 mg) was obtained as a white powder. 

lH-NMR(DMSO-d6)81 .75-1 .97(5H,m), 2.60-2.72(1 H,m), 2.88(2H,t,J=8.2Hz), 3.21 8-3.60(8H,m), 4.40-4.55(2H,m), 
6.56-6.67(2H,m), 6.98-7.09(2H,m), 8.75(1H,brs), 10.41(1H,brs). 

Example 86 

[0200] Synthesis of 3-[(2S,4S)-4-(5-nitro-1 -indolinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thlazolidine hydrochloride 

(1) Using the title compound (450 mg) of Reference Example 12 and 5-nitroindoline (295 mg), and in the same 
manner as in Example 70 (1), 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(5-nitro-^ 

1 ,3-thiazolidine (153 mg) was obtained as an oil. 

(2) Using the above-mentioned compound (153 mg), and in the same manner as in Example 70 (2), the title com- 
pound (116 mg) was obtained as a yellow powder. 

1 H-NMR(DMSO-d 6 )51 .92-2.06(1 H,m), 2.67-2.80(1 H,m), 3.00-3.1 7(4H,m), 3.27-3. 94(6H,m) l 4.42-4.78(4H,m), 
6.62(1 H,d,J=8.9Hz), 7.87(1 H,d,J=2,3Hz), 8.04(1 H,dd,J=8.9,2.3Hz), 9.1(1H,brs), 10.2(1H,brs). 

Example 87 

[0201] Synthesis of 3-[(2S,4S)-4-(6-nitro-1 -indolinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine dihydrochloride 

(1) Using the title compound (450 mg) of Reference Example 12 'and 6-nitroindoline (296 mg), and in the same 
manner as in Example 70 (1), 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(6-nitro-1-indolinyl)-2-pyrrolidinylcarbo 

1 ,3-thiazolidine (188 mg) was obtained as an oil. 

(2) Using the above-mentioned compound (188 mg), and in the same manner as in Example 70 (2), the title com- 
pound (80 mg) was obtained as a brown-reddish powder. 

1 H-NMR(DMSO-d 6 )51 .84-2.00(1 H,m), 2.64-2.77(1 H,m), 3.00-3.1 7(4H,m), 3.22-3. 92(6H,m), 4.41-4.77(4H,m) < 
7.22-7.32(2H,m), 7.51 (1H,dd,J=7.9,1 .9Hz), 8.94(1H,brs), 10.12(1 H,brs). 
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Exampl 88 

[0202] Synthesis of 3^(2S,4SH-(5^eftoxy-1-indolinyO-2-plaTolidinylca^bony^]-1,3-thiazolidine dihydrochloride 
(l)Usingth true compound (751 mg) of Refer nc Example 12 and 5-methoxyindolin (410mg),andinthesam 

™ iazSle 7Z 7 V 1) ' ^^-yl-^emoxy-l-indolin Wrrolidinylcarto^- 

1 ,3-thiazolidine (1010 mg) was obtained as a white solid. 

Dln^lB^^r^f 0 ' 1 ? C ° mP T d (326 m9) ' and in thG 8ame manner as in 70 ( 2 ). «» We com- 

pound (262 mg) was obtained as a white powder. 

1 , H ; N o'i R , (D ^ O " d6)5l - 80 ' 1 - 95(1H ' m) ' 2.62-2.75(1H,m), 2.86(2H 1 t,J=7.9Hz), 3.04(1 H,t,J=7.0Hz) 312(1Ht 

J 5 2 Z ^ 4.28-4.77(4H,m)%.54(1H.d:j=8.5H 2 ) 6.S.d J 

J-8.5.2.4H2), 6.75(^^=2^), 8.83(1 H.brs), 10.40(1 H,brs). 

Example 89 

[0203] Synthesis of 3i(2S,4S)-4-(5-hydroxy-1-^ dihydrochloride 

(1 ) Using the title compound (872 mg) of Reference Example 12 and 5-hydroxyindoline (390 mg), and in the same 

^ondinfS 16 \° <1) ' ^f^**"^^ 
1,3-thiazohdine (538 mg) was obtained as a pale-brown solid. 

S.Uh'ho? 6 > ? WM T t '° n ! d compound < 163 m 9>- and in the same manner as in Example 70 (2), the title com- 
pound (1 01 mg) was obtained as a white powder. 

lH-NMR(DMSO-d6)81 .85-2.00(1 H,m). 2.63-2.78(1 H,m), 2.88(2H,t,J=7.7Hz), 3.04(1 H t J=6 6Hz) 3 12MH1 
J=6.2Hz),3. 2 4-3.95(6H,m).4.27-4.76(4H^ ( " 

Example 90 

[0204] Synthesis of 3^(2S,4S)-4-(5-acetoxy-Hndolinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine dihydrochloride 

uct of Example 89 (1 ) 1 74 mg] and acetyl chloride (50 uL), and in the same manner as in Example 50 (1 ), £<2S 

4S)-4-(5-ac«toxy-1-mdol,nyl> 

as an on. 

(2) Using the above-mentioned compound (136 mg), and in the same manner as in Example 70 (2) the title com- 
pound (77 mg) was obtained as a pale-brown powder '"W.inemiecom 

TSi^TS^^^S!!'^ 220(3H ' S) ' 2 - 63 ' 277 ( 1H ^). 2.89(2H.t,J=8.1Hz), 3.05(1 H,t,J=6.8Hz), 
3.12(1 H,t,J=6.2Hz), 3.18-3.53 4H,m , 3.61-3.93(2H,m), 4.36-4.77(4H,m) 6 56(1 H d J-8 4Hzl 67(W1hJ 
J=8.4,2.3Hz), 6.83(1H,d,J=2.3Hz), 8.91(1H,brs). 10.19(1H,brs). 6.56(1 H,d^-8.4Hz), 6.76(1H,dd, 

Example 91 

[0205] Synthesisof3-[(2S l 4S)-4-(5-benzoyloxy-1-indolinyl)-2-pyr ro iidinylcamonyl]-1.3-thiazolidinedihydrochlori 

ihT? 7?1LV t: ] t { 5 * enZOylo ^- 1 - ,ndolin y , )- 1 - tert - b ^arbonyl-2-pyrrolidinylcamonyl]-1,3-thiazo- 
lidine (173 mg) was obtained as a pale-brown solid. 

SiHSfiH 6 ^° Ve - me f onad com P° und < 1 73 m 9), and in the same manner as in Example 70 (2), the title com- 
pound (116 mg) was obtained as a pale-brown powder. 

1 H-NMR(DMSO-d6)81 .84-1 .98(1 H.m), 2.66-2.78(1 H.m), 2.93(2H,t,J=8.3Hz) 3 05(1 H t J-6 7Hz1 3 13MHt 
J=6.2Hz), 3.23-3.56(4H,m), 3.6-3.95(2H,m), 4.42-4.78(4H,m) 6.62(1 H,d,J=8 4Hz) I ^^H dd j-8 4 2 2Hzt 
^(1H,d^.2Hz),7.60^^ 

Example 92 

[0206] Synthesis of 3-[(2S,4S)-4-(5-fluoro.1-indolinyl)-2-pyrrolidinylcarbonyl]-1,3-thiazolidine dihydrochloride 

(1) Using the title compound (496 mg) of Referenc Example 12 and 5-fluoroindoline (200 mg), and in the same 
manner as ,n Example 70 (1), 3-[(2S,4S)-1-te rt -butoxycamonyl-4-(5-fluoro-1-indolinyl^^ 
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1 ,3-thiazolidin (492 mg) was obtained as a pal -brown solid. 

(2) Using th abov -m ntion d compound (487 mg), and in the same man n r as in Example 70 (2), th title com- 
pound (357 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )81 .80-1 .95(1 H f m), 2.62-2.75(1 H,m), 2.88(2H,t,J=8.2Hz), 3.04(1 H,t,J=7.0Hz), 3.11(1H,t, 
J=6.2Hz), 3.18-3.52(4H,m), 3.60-3.94(2H,m), 4.35-4.78(4H 1 m), 6.55(1 H,dd,J=8.8,4.3Hz), 6.85(1 H.td, 
J=8.8,2.6Hz), 6.94(1 H,dd,J=8.5,2.6Hz), 8.90(1 H.brs), 1 0.44(1 H.brs). 

Example 93 

[0207] Synthesis of 3-((2S,4S)-4-(5-chloro-1 -indolinyl)-2-pyrrolidinylcarbonyl]-1 f 3-thiazolidine hydrochloride 

(1) Using the title compound (665 mg) of Reference Example 12 and 5-chloroindoline (340 mg), and in the same 
manner as in Example 70 (1), 3-{(2S I 4S)-1-tert-butoxycarbonyl-4-(5-chloro-1-indoHnyl)-2-pyrrolidinylca 

1 ,3-thiazolidine (393 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (389 mg), and in the same manner as in Example 70 (2), the title com- 
pound (242 mg) was obtained as a white powder. 

iH-NMR(DMSO-de)81 .81-1 .95(1 H.m), 2.62-2.74(1 H,m), 2.90(2H,t,J=8.3Hz), 3.04(1 H,t,J=7. 1Hz), 3.12(1 H,t. 
J=6.2Hz), 3.18-3.52(4H,m), 3.60-3.94(2H,m), 4.38-4. 77(4H,m), 6.57(1 H,d,J=8.3Hz), 7.03-7.11 (2 H,m), 8.86(1 H, 
brs),1 0.38(1 H,brs). 

Example 94 

[0208] Synthesis of 3-[(2S f 4S)-4-(5-bromo-1 -indo!inyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochloride 

(1) Using the title compound (0.901 g) of Reference Example 12 and 5-bromoindoline (0.713 g), and in the same 
manner as in Example 70 (1), 3-[(2S I 4S)-4-(5-bromo-1-indolinyl)-1-tert-butoxycaroonyl-2-pyrrolidinylcaro^ 

1 ,3-thiazolidine (1.31 g) was obtained as a white solid. 

(2) Using the above-mentioned compound (340 mg), and in the same manner as in Example 70 (2), the title com- 
pound (251 mg) was obtained as a pale-red powder. 

^-NMRfDMSO-cyfil .82-1 .96(1 H,m), 2.62-2.74(1 H,m), 2.91(2H,t,J=8.3Hz), 3.04(1 H,t,J=7.0 Hz), 3.12(1 H,t, 
J-6.2HZ), 3.18-3.54(4H,m), 3.62-3.93(2H,m), 4.37-4.77(4H,m), 6.53(1 H,d,J=8.1 Hz), 7.15-7.24(2H,m), 8.91(1H, 
brs), 10.27(1 H.brs). 

Example 95 

[0209] Synthesis of 3-t(2S,4S)-4-(1,2,3,4-tetrahydro-1-quinolyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochlo- 
ride 

(1) Using the title compound (450 mg) of Reference Example 12 and 1 ,2,3,4-tetrahydroquinoline (0.23 mL), and 
in the same manner as in Example 70 (1 ), 3-[(2S,4S)-1 -tert-butoxycarbonyM-(1 ,2,3,4-tetrahydro-1 -quinoryl)-2-pyr- 
roNdinylcarbonyl]-1 ,3-thiazolidine (100 mg) was obtained as an oil. 

(2) Using the above-mentioned compound (1 00 mg), and in the same manner as in Example 70 (2), the title com- 
pound (60 mg) was obtained as a pale-brown-reddish powder. 

1 H-NMR(DMSO-d6)81 .76-1 .97(3H,m), 2.59-2.73(3H,m), 3.02-3.5(6H,m), 3.62-3.94(2H,m), 4.42-4.86(4H,m), 6.57 
(1H,d,J=7.2Hz), 6.80(1 H,d,J=8.3Hz), 6.92(1 H,d,J=7.2Hz), 6.97-7.07(1 H,m), 8.84(1 H.brs), 1 0.04(1 H.brs). 

Example 96 

[0210] Synthesis of 3-[(2S,4S)-4-(2-isoindolinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine 2 trifluoroacetate 

(1 ) The title compound (1 .49 g) of Reference Example 1 0 was dissolved in DMF (50 mL), and potassium carbonate 
(2.04 g) and a.a'-dibromo-o-xylene (1 .37 g) were added thereto. The mixture was stirred at room temperature for 
18 hr. Water was added to the reaction mixture and the mixture was extracted with chloroform. The extract was 
washed with brine and dried. The solvent was evaporated under reduced pressure. The residue was purified by 
silica gel chromatography to give 3-t(2S,4S)-1-tert-butoxycarbonyl-4-(2-isoindolinyl)-2-pyrrolidinylcarbonyl]- 
1 ,3-thiazolidine (1 .26 g) as a pal -brown solid. 

(2) Using th abov -mentioned compound (910 mg), and In th same man ner as in Example 1 , th titl compound 
(730 mg) was obtained as a brown powder. 
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1 H-NMR(DMSO-d 6 )S2.05-2.14(1H,m), 2.BB-2.96(1H,m), 3.05-3.1 7(2H,m), 3.42-4.02(5H,m), 4.44-4.75(7H,m). 
7.31-7.37(4H,m). 

Example 97 

[021 1] Synthesis of 3-K2S,4S)-4-(N-methylanilino)-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine dihydrochloride 

(1) Using the title compound (450 mg) of Reference Example 12 and N-methylaniline (0.22 ml_), and in the same 
manner as in Example 70 (1 ), 3-[(2S,4S)-1 -tert-butoxycamonyM-(N-methylanilino)-2-pyrrolidinylcarbonyl]-1 ,3-thi- 
azolidine (274 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (21 6 mg), and In the same manner as in Example 70 (2), the title com- 
pound (149 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d6)51 .83-1 .98(1 H,m), 2.56-2.69(1 H,m), 2.82(3H,s), 3.05(1 H,t,J=6.9Hz), 3.11(1H,t,J=6 2Hz) 
3.20-3.32(1 H,m), 3.36-3.50(1 ,m), 3.62-4.0(4H,m), 4.43-4.82(4H,m), 6.85(1 H,t,J=7.5Hz), 7.02(1 H,d,J=7.5Hz)' 
7.27(1 H,t,J=7.5Hz), 8.89(1H,brs), 1 0.44(1 H.brs). 

Example 98 

[0212] Synthesis of 3-{(2S,4S)-4-tN-(5-cyano-2-pyridyl)-N-methylamino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine hy- 
drochloride 

(1 ) Using the product (313 mg) of Example 58 (1 ) and methyl iodide 53 jiL, and in the same manner as in Example 
82 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[N-(5Hcyano-2^^ ,3-thi- 
azolidine (200 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (198 mg), and in the same manner as in Example 5 (2), the title com- 
pound (1 65 mg) was obtained as a white powder. 

lH-NMR(DMSO-cy51 .91 -1 .99(1 H,m), 2.62-2.70(1 H,m), 2.98(3H,s), 3.00-3.1 3(2H,m), 3.30-3.34(2H,m), 3.65-3.93 
(2H,m), 4.45-4.77(3H,m), 5.51 -5.57(1 H,m), 6.84(1 H,d,J=9.0Hz), 7.94(1 H,dd,J=9.0,2.4Hz), 8.52(1 H d J=2 4Hz) 
8.93(1 H,brs),1 0.22(1 H.brs). %.-•/. 

Example 99 

[0213] Synthesis of 3-{(2S,4S)-4-[N-(3-cyanophen 
dihydrochloride 

(1 ) Using 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(3-cyanophenylmethyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolid- 
ine [product of Example 78 (1), 313 mg], and in the same manner as in Example 64 (1), 3-{(2S,4S)-1 -tert-butox- 
ycarbonyl-4-[N-(3-cyanophenylmethyl)-N^ (598 mg) was ob _ 
tained as an oil. 

(2) The above-mentioned compound (571 mg) was dissolved in ethyl acetate (2.65 mL) and 4 mol/l hydrochloric 
acid-ethyl acetate (1 .66 mL) was added thereto. The mixture was stirred at room temperature for 1 8 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (377 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )52.20-2.42(1H,m), 2.57(3H,brs), 2.80-3.20(3H,m), 3.55-4.1 0(5H,m), 4.20-4.85(5H,m), 7 68 
(1H,t,J=7.8Hz), 7.88-8.05(2H,m) I 8.14(1H,brs), 9.12(1H,brs), 1 0.70(1 H.brs). 

Example 100 

[0214] Synthesis of 3-{(2S,4S)-4-[N-(4Kyanopheny^ ,3-thiazoli- 
dine dihydrochloride 

(1) Using the product (833 mg) of Example 63 (1) and acetone, and in the same manner as in Example 70 (1), 3- 
{(2S,4S)-1-tert-butoxycarbonyl-4-[N-(4-cyano 

zolidine (818 m) was obtained. 

(2) The above-mentioned compound (792 mg) was dissolved in ethyl acetate (3.47 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (2.16 mL) was added thereto. The mixture was stirred at room temperature for 18 hr and the 
precipitated solid was collected by filtration to give the titl compound (637 mg) as a white powder. 
1 H-NMR(DMSO-d6)60.90-1 .60(6H,m), 1. 95-2.45(1 H,m), 2.65-3.20(3H,m), 3.40-4.90(11 H,m), 7.50-8.30(4H m) 
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Example 101 

[0215] Synthesis of 3-{(2S,4S)^-[N-butyl-N-(4-cyanophenylm thy0amino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
dihydrochloride 

(1 ) Using th product (833 mg) of Example 63 (1) and n-butyraldehyd (21 6 mg), and in the sam mann r as in 
Example 70 (1), 3-{(2S,4S)-1-tert-butoxycaroonyl-4-[N-bu^^ 

nylJ-1 ,3-thiazolidine (837 mg) was obtained. 

(2) The above-mentioned compound (830 mg) was dissolved in ethyl acetate (3.51 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (2.20 mL) was added thereto. The mixture was stirred at room temperature for 18 hr and the 
precipitated solid was collected by filtration to give the title compound (607 mg) as a pale-yellow powder. 
iH-NMR(DMSO-d 6 )80.80(3H,t,J=7.2Hz) l 1.18(2H,quint f J=6.9Hz), 1.30-1.90(2H,m), 2.1 0-2.50(1 H,m). 2.60-3.24 
(5H,m), 3.54-4.87(9H,m), 7.60-8.20(4H,m). 

Example 102 

[0216] Synthesis of 3-{(2S,4S)-4-[N-(4-cyanophenylmethyl)-N-(2-hydroxyethyl)amino]-2-pyrrolidinylcarbonyl}- 
1 ,3-thiazolidine dihydrochloride 

(1) The product (1 .67 g) of Example 63 (1) was dissolved in N-methyl-2-pyrrolidone (12 mL), and 2-bromoethanol 
(1.42 mL) and diisopropylethylamine (2.09 mL) were added thereto. The mixture was stirred at 80°C for 2 days. 
The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution and the mixture was 
extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure. The 
residue was purified by silica gel chromatography to give3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[N-(4-cyanophenylme- 
thyl)-N-(2-hydroxyethyl)amino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (0.480 g). 

(2) The above-mentioned compound (480 mg) was dissolved in ethyl acetate (2.08 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .04 mL) was added thereto. The mixture was stirred at room temperature for 18 hr and the 
precipitated solid was collected by filtration to give the title compound (351 mg) as a brown powder. 
iH-NMR(DMSO-de)81 .85-1 .97(1 H,m) f 2.02-2.33(2H,m), 2.70-4.80(1 4H,m), 7.60-8.00(4H,m) 1 9.00(1 H.brs), 10.50 
(1H,brs). 

Example 103 

[0217] Synthesis of 3-{(2S,4S)-4-[N-(carooxyme%l)-N-(5^ ,3-thia- 
zolidine trifluoroacetate 

(1) Using the product (461 mg) of Example 58 (1) and tert-butyl bromoacetate (202 u.L), and in the same manner 
as in Example 82 (1), 3-{(2S,4S)«1-tert-butoxy(»roonyl-4-[^ 

amino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (344 mg) was obtained as a pale-yellow powder. 

(2) Using the above-mentioned compound (340 mg), and by the synthesis in the same manner as in Example 1 
and purification by HPLC, the title compound (118 mg) was obtained as a white solid. 

lH-NMR(500MHz,DMSO-d 6 )81 .93-1 .98(1 H,m), 2.66-2.69(1 H ( m), 3.04-3.1 2(2H,m), 3.27-3.31 (1H,m), 3.40-3.45 
(1H,m), 3.62-3.87(2H,m), 4.32(2H,s), 4.44-4.71 (3H,m), 5.23(1 H,m), 6.81(1H,d,J=7.3Hz), 7.95(1 H.dd, 
J-7.3.2.3HZ), 8.51 (1 H,d,J=2.3Hz). 

Example 104 

[021 8] Synthesis of 3-{(2S,4S)-4-[N-(4-cyanophenylmethyl)-N-(ethoxycaroonylmethyl)amino]-2-pyrrolidinylcarbo- 
nyl}-1 ,3-thiazoiidine dihydrochloride 

(1) The product (0.833 g) of Example 63 (1) was dissolved In N-methyl-2-pyrrolidone (6 mL), and ethyl bromoac- 
etate (0.333 mL) and diisopropylethylamine (1 .05 mL) were added thereto. The mixture was stirred at room tem- 
perature for 1 8 hr. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution, and 
the mixture was extracted with ethyl acetate. The extract was dried, and the solvent was evaporated under reduced 
pressure. The residue was purified by silica gel chromatography to give 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[N-(4-cy- 
anophenyim thyl)-N-(ethoxycartDonylmethyl)amino]-2-pyrrolidinylcarbonyl}-1,3-thiazolidin (1.01 g) as an oil. 

(2) The above-mentioned compound (976 mg) was dissolv d in thyl acetate (3.88 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (2.43 mL) was added thereto. The mixtur was stirred at room temperature for 18 hr and the 
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precipitated solid was collected by filtration to give the title compound (630 mg) as a white powder. 
'H-NMR(DMSO-d 8 )81.18-(3H,t.J=7.1 Hz),1 .67-1 .90(1 H,m),2.56-2.75(1 H,m), 2.94-3.22(3H,m), 3.25-4.00(8H m) 
4.07(2H,q,J=7.1 Hz), 4.34-4.78(3H,m), 7.54(2H,d.J=8.2Hz), 7.81 (2H,d,J=8.2Hz), 8.86(1 H.brs), 1 0.40(1 H,brs). 

Exampl 105 

L™?* 5 ynthes ,!!^ 

bonyl}-1,3-thiazolidmedihydrochloride 

(1 ) Using the product (0.833 g) of Example 63 (1 ) and isopropyl bromoacetate (0.259 mL), and in the same manner 
as in Example 104 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[N-(4-cyanophenylmethyl)-N-(isopropoxycarbonylme- 
thyl)amino]-2-pyrrolidinylcarbony0-1 ,3-thiazolidine (0.967 g) was obtained as an oil. 

(2) The above-mentioned compound (966 mg) was dissolved in ethyl acetate (3.74 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .87 mL) was added thereto. The mixture was stirred at room temperature for 8 hr The pre- 
cipitated solid was collected by filtration to give the title compound (641 mg) as a white powder. 
iH-NMRtDMSO^I.IBteH.d^e.OHz), 1.65-1. 84(1 H.m), 2.55-2.74(1 H,m), 2.95-3. 16(3H,m), 3.22-3.47(3H m) 
bre) ?0 25 5 (1H m b > rs)" 39 ' 4 ' 80(3H ' m) ' 4 - 91(1H,quint ' J=6 - 3Hz >' 7.53(2H,d,J=8.1Hz), 7.81(2H,d,J=8.4Hz), 8.70(1 H, 

Example 106 

onyl]-1 ,3-thiazolidine dihydrochloride 

(1) Using the product (0.833 g) of Example 63 (1) and benzyl bromoacetate (0.317 mL), and in the same manner 
as in Example 104 (1), 3-{(2S,4S)-4-[N-(benzyloxycarbonylmethyl)-N-(4-cyanophenylmethyl)amino]-1-tert-butox- 
ycarbonyl-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (0.992 g) was obtained as an oil. 

(2) The above-mentioned compound (992 mg) was dissolved in ethyl acetate (3.51 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1.76 mL) was added thereto. The mixture was stirred at room temperature for 8 hr and the 
precipitated solid was collected by filtration to give the title compound (680 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )51 u 67-1.85(1H,m), 2.53-2.71 (IH.m), 2.94-3.20(3H,m), 3.20-4.00(8H,m), 4.37-4.80(3H,m), 
5.11(2H,s), 7.29-7.45(5H,m), 7.50(2H.d,J=8.1Hz), 7.78(2H,d,J=8.4Hz), 8.75(1H,brs), 10.15(1H,brs). 

Example 107 

T?2 ^ y " ,hesiS . 0f 3 -« 2S ' 4S H-t N -^* 0 ^ethyl)-N-(4^anophenylmethyl)amino]-2-pyrrolidinylcarbonyl}- 
1 ,3-thiazolidine 2 tnf luoroacetate 

(1 ) Using the product (0.833 g) of Example 63 (1 ) and tert-butyl bromoacetate (0.443 mL), and in the same manner 
as In Example 104 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[N-(tert-butoxycarbonylmethyl)-N-(4-cyanophenylme- 
thyl)amino]-2-pyrrolidinylcart>onyl}-1 ,3-thiazolidine (0.990 g) was obtained. 

(2) The above-mentioned compound (881 mg) was dissolved in ethyl acetate (3.06 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (6.91 mL) was added thereto. The mixture was stirred at room temperature for 3 days The 
precipitated solid was purified by HPLC to give the title compound (1 41 mg) as a white powder. 
1 H-HMR(DMSO-d e )8l.65-1.84(1H,m), 2.57-2.74(1 H,m), 2.96-3.1 9(3H,m), 3.22-4.00(8H,m) 437-4 72<3H m) 
7.53(2H,d,J=8.4Hz),7.81(2H,d,J=8.1Hz),8.77(1H,brs) > 9.63(1H,br S ). ' 4-37 4.72(3H,m), 

Example 108 

1 ,3-thiazolidine 2 tnf luoroacetate 

KL,I h .?i^T P0Und (41 m9) W3S ° btained as a P ale -y ellow Powder by purification of Example 1 07 (2) by HPLC 
iH.NMR(DMSO-d 6 )81.67-1.90(1H,m), 2.56-2.79(1 H.m), 2.90-4.20(1 1H,m). 4.36-4.74(3H,m), 7.34(1H,by. 7 56(2H 
d,J=8.1Hz),7.84(2H,d,J=8.4Hz), 7.96(1 H.bre), 8.80(1 H.brs), 9.60(1 H.brs). 1 

Example 109 

[0224] Synthesis of 3-{(2S,4S)-4-[N-(carbamoylmethyl)-N-(4^anophenylmethyl) amino]-2-pyrrolidinylcarbonyl}- 
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1 ,3-thiazolidin dihydrochlorid 

(1) Using th product (0.833 g) of Examp I 63 (1) and 2-bromoacetamid (0.276 mL), and i nth sam mann ras 
in Example 104 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[N-(catoam thyl)amino]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (0.599 g) was obtained, 

(2) The abov -mentioned compound (599 mg) was dissolved in ethyl ac tate (2.53 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .27 mL) was added thereto. The mixture was stirred at room temperature for 6 hr and the 
precipitated solid was collected by filtration to give the title compound (41 6 mg) as a white powder. 
1 H-NMR(DMSO-d 6 )61 .76-1. 99(1 H,m), 2.62-2.83(1 H,m), 2.90-4.10(11 H t m), 4.25-4.80(3H,m), 7.22(1 H.brs), 7.44 
(1 H.brs), 7.64(2H,d,J=8.1 Hz), 7.84(2H,d,J=8.4Hz), 8.82(1 H.brs), 1 0.35(1 H.brs). 

Example 110 

[0225] Synthesis of 3-((2S,4S)-4-benzoylamino-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine 

(1) Using the title compound (499 mg) of Reference Example 1 0 and benzoyl chloride (202 u.L), and in the same 
manner as in Reference Example 7, 3-((2S,4S)-4-benzoylamino-1-tert-butoxycarbonyl-2-pyrrolidinylcarbonyl)- 
1 ,3-thiazolidine (652 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (648 mg), and in the same manner as in Example 5 (2), the title com- 
pound (250 mg) was obtained as a white powder. 

1H-NMR(500MHZ, DMSO-d^l .76-1 .81(1 H,m), 2.33-2.39(1 H,m), 2.91-3.09(5H,m), 3.63-3.95(3H,m), 4.34^.70 
(3H,m), 7.44-7.53(3H,m), 7.80-7.82(2H,m), 8.38(1 H,brs). 

Example 111 

[0226] Synthesis of 3-t(2S,4S)-4-(4-cyanobenzoy0amino-2i3yrrolidiny!carbonyl]-1 ,3-thiazolidine hydrochloride 

(1) Using the title compound (543 mg) of Reference Example 10 and 4-cyanobenzoyl chloride (313 mg), and in 
the same manner as in Reference Example 7, 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(4-cyanobenzoyl)amino-2-pyr- 
rolidinylcarbonyI]-1 ,3-thiazolidine (804 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (798 mg), and in the same manner as in Example 5 (2), the title com- 
pound (513 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )82.01 -2.06(1 H,m), 2.81 -2.86(1 H,m), 3.03-3. 14(2H,m), 3.36^3.50(2H,m), 3.65-3.94 
(2H,m), 4.45-4.75(4H,m), 7.98-8.06(4H,m), 8.86(1H,brs), 9.07-9.1 2(1 H,m), 1 0.49(1 H.brs). 

Example 112 

[0227] Synthesis of 3-[(2S t 4S)-4-(5-chloro-2-nitrobenzoyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochlo- 
ride 

(1) Using the title compound (495 mg) of Reference Example 10 and 5-chloro-2-nitrobenzoic acid (300 mg), and 
in the same manner as in Reference Example 9, 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(5-chloro-2-nitrobenzoyl)ami- 
no-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (340 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (338 mg), and in the same manner as In Example 5 (2), the title com- 
pound (272 mg) was obtained as a white powder. 

'H-NMRfDMSO-cySI .88-1 .99(1 H.m), 2.79-2.88(1 H,m), 3.04-3.1 5(2H,m), 3.26-3.36(1 H,m), 3.47-3.94(3H,m), 
4.44-4.75(4H,m) ( 7.80-7. 84(2H,m), 8.11-8.14(1H,m), 9.09-9.12(1 H,m) p 9.50(2H,brs). 

Example 113 

[0228] Synthesis of 3-[(2S,4S)-4-(2,4-dich!orobenzoyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochloride 

(1) Using the title compound (440 mg) of Reference Example 10 and 2,4-dlchlorobenzoic acid (254 mg), 'and in 
the same manner as in Reference Example 9, 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(2,4-dichlorobenzoyl)amino- 
2-pyrrolidinylcarbonyl]-1 ,3-thiazolidin (356 mg) was obtained as a white powder. 

(2) Using th above-m ntioned compound (356 mg), and in the sam mann r as in Example 5 (2), th title com- 
pound (211 mg) was obtained as a whit powder. 

iH-NMR(DMSO-d 6 )51. 86-1. 99(1 H,m), 2.79-2.88(1 H,m), 3.04-3.1 4(2H,m), 3.26-3.31 (1H,m), 3.47-3.95(3H,m), 



51 



EP 1 308 439 A1 



4.43-475(4H,m), 7.50-7.56(2H,m), 7.71 (1H,s), 8.84-8.88(1 H,m), 9.70(2H,brs). 
Example 114 

[0229] Synthesis of 3-{(2S,4S)^-[(3-nitrophenyl)a(^tyi]amino-2-pyiTolidinylcarbonyl}-1 ,3-thiazolidine hydrochloride 

(1) Using the title compound (370 mg) of Reference Example 1 0 and 3-nitrophenylacetic acid (201 mg), and in the 
same manner as in Reference Example 9, 3-{(2S,4S)-14ert-butoxycarbonyl-4-[(3-nitrophenyl)acetyl]amino-2-pyr- 
rolidinylcarbonyl}-1 ,3-thiazolidine (51 6 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (515 mg), and in the same manner as in Example 5 (2), the title com- 
pound (427 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )51 .86-1 .93(1 H,m), 2.74-2.78(1 H,m), 3.04-3.1 4(3H,m), 3.40-3.44(1 H,m), 3.63(2H s) 
3.63-3.89(2H,m), 4.36-4.70(4H,m), 7.60-7.63(1 H,m), 7.72(1 H,d,J=7.7Hz), 8.12(1 H,d,J=8.2Hz), 8.15(1H,s), 
8.65-8.68(1 H,m), 

Example 115 

[0230] Synthesis of S-^S^SJ^-ftrans-S-trifluoromethylcinnamoyOamino^-pyrrolidinylcarbonyll-l ,3-thiazolidine 
hydrochloride 

(1 ) Using the compound (338 mg) of Reference Example 1 0 and 3-trifluoromethylcinnamoyl chloride (201 u.L), and 
in the same manner as in Reference Example 7, 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(trans-3-trifluoromethylcin- 
namoyl)amino-2-pyrroiidinylcarbonyl]-1 ,3-thiazolidine (274 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (270 mg), and in the same manner as in Example 5 (2), the title com- 
pound (230 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d6)81.78-1.88(1H,m), 2.79-2.87(1 H.m), 3.04-3.22(3H f m), 3.46-3.52(1 H,m), 3.64-3.94(2H m) 
4.46-4.75(4H,m), 6.76(1 H,d,J=15.9Hz), 7.57(1 H,d,J=15.9Hz), 7.64-7.76(2H,m), 7.89-8.03(2H,m), 8.70-8.75(1 K 
m), 9.60(2H,brs). 

Example 116 

[0231 J Synthesis of 3-{(2S > 4S)-4-[N-(4-cyanobenzoyl)-N-(4-cyanophenyImethyl)amino]-2-pyrrolidinylcarbonyl}- 
1 ,3-thiazolidine hydrochloride 

(1) The product (0.833 g) of Example 63 (1) was dissolved in dichloromethane (10 mL), and triethylamine (0.418 
mL) and 4-cyanobenzoyl chloride (0.331 g) were added thereto. The mixture was stirred at room temperature for 
1 8 hr. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution, and the mixture 
was extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure. 
The residue was purified by silica gel chromatography to give 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[N-(4^yanoben- 
zoyl)-N-(4-cyanophenylmethyl)amino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (0.956 g). 

(2) The above-mentioned compound (514 mg) was dissolved in ethyl acetate (1 .88 mL) and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .18 mL) was added thereto. The mixture was stirred at room temperature for 18 hr and the 
precipitated solid was collected by filtration to give the title compound (320 g) as a white powder. 
1 H-NMR(DMSO-d6)51 .62-2.39(1 H,m), 2.45-2.82(1 H,m), 2.90-3.25(2H,m), 3.30-3.95(4H,m), 4.25-5.00(6H m) 
7.30-8.20(8H,m). V ' ' 

Example 117 

[0232] Synthesis of 3-{(2S,4S)-4-[N-acetyl-N-(5-cyano-2-pyridy0amino]-2-pyrrolidinylcarbonyi}-1 ,3-thiazolidine hy- 
drochloride 

(1) Using the product (340 mg) of Example 58 (1) and acetyl chloride (72 uJ_), and in the same manner as in 
Example 82 (1 ), 3-{(2S,4S)-4-[N-acetyl-N-(5^cyano-2-pyridyl)amino]-1 -tert-butoxycarbonyl-2-pyrrolidinylcarbo- 
nyl}-1 ,3-thiazolidine (1 88 mg) was obtained. 

(2) Using the above-mentioned compound (186 mg), and in the same manner as in Example 82 (2), the title com- 
pound (1 21 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )81 .90-1 .95(1 H,m), 1.91 (3H,s), 2.75-2.80(1 H,m), 3.03-3.1 1(2H,m), 3.40-3.44(1 H,m), 
3.50-3.54(1 H,m), 3.59-3.63(1 H,m), 3.71 -3.85(1 H.m), 4.39-4.44(1 H,m) 4.56-4.69(2H,m), 5.04-5.08(1 H,m), 7.75 
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(1H,d,J=8.3Hz), 8.50(1 H,dd,J=8.3,2.1 Hz), 9.01{1H t d,J=2.1Hz). 
Exampl 118 

[0233] Synthesis of 3-((2S,4S)-4-phthalimido-2iDyrrolidinylcarbonyl)-1 ,3-thiazolidin trifluoroacetate 

(1 ) The title compound (1 .23 g) of Reference Example 1 0 was suspended in toluene (20 ml_), and phthalic anhydride 
(632 mg) and triethylamine (60 \±) were added thereto. The mixture was refiuxed for 5 hr. To the reaction mixture 
was added 10% citric acid solution and the mixture was extracted with ethyl acetate. The extract was washed 
successively with saturated aqueous sodium hydrogencarbonate solution and brine, and dried. The solvent was 
evaporated under reduced pressure. The residue was purified by silica gel chromatography to give 3-((2S,4S)- 
1-tert-butoxycarbonyW-phthalimido-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (1 .21 g) as a white solid. 

(2) The above-mentioned compound (362 mg) was dissolved in dichloromethane (4 mL) and trifiuoroacetic acid 
(2 mL) was added thereto. The mixture was stirred at room temperature for 20 hr. The solvent was evaporated 
under reduced pressure to give the title compound (374 mg) as a pale-yellow solid. 

1 H-NMR(500MHz,DMSO-d 6 )82.38-2.44(1H,m), 2.80-2.84(1 H,m), 3.07-3.1 3(2H,m), 3.50-3.54(1 H.m), 3.60-3.89 
(3H,m), 4.46-4.50(1 H,m), 4.62-4.78(2H,m), 4.97-5.00(1 H,m), 7.86-7.90(4H,m), 8.74(1 H.brs), 9.90(1 H.brs). 

Example 119 

[0234] Synthesis of 3-[(2S I 4S)-4-(4-nitrophthalimido)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine trifluoroacetate 

(1) Using the title compound (2.31 g) of Reference Example 1 0 and 4-nitrophthalic anhydride (1.16 g), and in the 
same manner as in Example 118 (1), 3-[(2S,4S)-1-tert-butoxyc«rbonyl-4-(4-nitrophthalimido)-2-pyrrolidinyte^ 
nyl]-1 ,3-thiazolidine (1 .42 g) was obtained as a white solid. 

(2) Using the above-mentioned compound (355 mg), and in the same manner as in Example 118 (2), the title 
compound (298 mg) was obtained as a white powder. 

^-NMR^OOMHz.DMSO-de^^O^^O^m), 2.82-2.88,(1 H,m), 3.06-3,1 4(2H,m), 3.52-3.56(1 H,m), 3.62-3.89 
(3H,m), 4.47-4.50(1 H,m), 4.62-4.78(2H,m), 5.01 -5.07(1 H,m), 8.15(1H,d,J=8.2Hz), 8.51 (1H,d,J=1 .9Hz), 8.65(1H, 
dd,J=8.2,1.9Hz), 9.24(2H,brs). 

Example 120 

[0235] Synthesis of 3-{(2S,4SH-(3-phenylureido)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine trifluoroacetate 

(1) The title compound (401 mg) of Reference Example 10 was dissolved in tetrahydrofuran (10 mL), and phenyl 
isocyanate (167 mg) was added thereto at room temperature. The mixture was stirred for 18 hr. To the reaction 
mixture was added 10% citric acid solution and the mixture was extracted with ethyl acetate. The extract was 
washed successively with saturated aqueous sodium hydrogencarbonate solution and brine, and dried. The solvent 
was evaporated under reduced pressure to give 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(3-phenylureido)-2-pyrrolidi- 
nylcarbonylp-1 ,3-thiazolidine (560 mg) as a white solid. 

(2) The above-mentioned compound (532 mg) was dissolved in trifluoroacetic'acid (2 mL) and the mixture was 
stirred at room temperature for 3 hr. The solvent was evaporated under reduced pressure to give the title compound 
(363 mg) as a brown powder. 

1 H-NMR(500MHz,DMSO,-d 6 )51 .75-1 .80(1 H,m), 2.75-2.80(1 H,m), 3.04-3.20(3H,m), 3.43-3.47(1 H,m), 3.68-3.89 
(2H,m), 4.40-4.71 (4H,m), 6.72-6.75(1 H,m), 6.91(1H,t,J=7.4Hz), 7.21-7.24(2H,m), 7.39(2H 1 d,J=7.8Hz), 8.85(1 H, 
brs), 8.89-8.90(1 H,m), 9.60(1 H.brs). 

Example 121 

[0236] Synthesis of 3-{[2S J 4S)-4-[3-(4-cyanophenyl)ureido)-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 

(1) Using the title compound (640 mg) of Reference Example 1 0 and 4-cyanophenyl isocyanate (321 mg), and in 
the same manner as in Example 120 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[3-(4-cyanophenyl)ureido]-2-pyrro- 
lidinylcarbonyl}-1 ,3-thiazolidine (992 mg) was obtained as a white powder. 

(2) Th above-mentioned compound (978 mg) was dissolved in chloroform (5 mL), and th n dissolved in trifiuor- 
oacetic acid (3 mL), and the mixtur was stirred at room temperature for 8 hr. The solvent was vaporated under 
r duced pressure and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The 
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mixture was xtracted with chloroform. Th xtract was concentrated under r due d pressure to giv the title 
compound (140 mg) as a whit powder. 

lH-NMR(DMSO-d 6 )81.60-1.68(1H f m), 2.22-2.32(1 H,m), 2.67-2.72(1 H,m), 2.91 -3.11 (4H,m), 3.65-3.93(3H,m), 
4.13-4.16(1H,m), 4.43-4.72(2H,m), 6.47(1 H,d,J=7.2Hz), 7.56(2H,d,J=8.7Hz), 7.65(2H,d,J=8.7Hz), 9.11(1H,s). 

ExampI 122 

[0237] Synthesis of 3-((2S,4S)-4-phenyIsulfonylamino-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine hydrochloride 

(1 ) The title compound (643 mg) of Reference Example 1 0 was dissolved in dichloromethane (1 0 mL), and 4-meth- 
ylmorpholine (240 uL) and benzenesulfonyl chloride (240 ul) were added thereto at room temperature. The mixture 
was stirred for 17 hr. To the reaction mixture was added 10% citric acid solution, and the mixture was extracted 
with ethyl acetate. The extract was washed successively with saturated aqueous sodium hydrogencarbonate so* 
lution and brine, and dried. The solvent was evaporated under reduced pressure to give 3-({2S,4S)-1 -tert-butox- 
ycarbonyl-4-phenylsulfonylamino-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (644 mg) as a white powder. 

(2) The above-mentioned compound (634 mg) was dissolved in ethyl acetate (4 mL) and 4 mol/L hydrochloric acid- 
ethyl acetate (1 .8 mL) was added thereto. The mixture was stirred at room temperature for 67 hr. The precipitate 
was collected by filtration to give the title compound (437 mg) as a pale-yellow powder. 

1 H-NMR(500MHz,DMSO-d6)51 .68-1.74(1 H,m), 2.50-2.58(1 H,m), 3.00-3.08(3H,m), 3.1 7-3.20(1 H,m), 3.53-3.87 
(3H,m), 4.38-4.63(3H,m), 7.62-7.71 (3H,m), 7.84-7.85(2H,m), 8.24-8.27(1 H,m) 9.50(2H,brs). 

Example 123 

[0238J Synthesis of 3-[(2S,4S)-4-(4-cyanophenyisulfonyl)amino-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine hydrochlo- 
ride 

(1) Using the title compound (1.09 g) of Reference Example 10 and 4-cyanobenzenesulfonyl chloride (0.780 g), 
and in the same manner as in Example 1 22 (1 ), 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-cyanophenylsulfonyl)amino- 
2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (1 .67 g) was obtained as a white powder. 

(2) Using the above-mentioned compound (798 mg), and in the same manner as in Example 122 (2), the title 
compound (544 mg) was obtained as a pale-yellow powder. 

1 H-NMR(500MHz,DMSO-d6)51 .68-1 .75(1 H,m), 2.53-2.59(1 H,m), 3.02«3.09(3H,m), 3.23-3.28(1 H,m), 3.54-3.90 
(3H,m), 4.40-4.64(3H,m), 8.01(2H,d,J=8.4Hz), 8.13(2H,d,J=8.4Hz), 8.62-8.65(1 H,m), 9.93(2H,brs). 

Example 124 

[0239] Synthesis of 3-{(2S,4S)-4-[N-(4-cyanophenylmethyl)-N-(4-cyanophenylsulfonyl)amino]-2-pyrrolidinylcarbo- 
nyl}-1 ,3-thiazolidine hydrochloride 

(1) 3-[(2S,4S)-1-tert-Butoxycarbonyl-4-(4-cyanophenylsulfonyl)amino-2-pyirolidi 

[product of Example 123 (1), 856 mg] was dissolved in DMF (20 mL), and potassium carbonate (380 mg) and 

4-cyanobenzyl bromide (400 mg) were added thereto at room temperature. The mixture was stirred for 4 hr. To 

the reaction mixture was added 10% citric acid solution, and the precipitate was collected by filtration to give 3-{ 

(2S,4S)-1-tert-butoxycaroonyl-4^N-(4^yan 

onyl}-1 ,3-thiazolidine (900 mg) as a pale-yellow solid. 

(2) Using the above-mentioned compound (900 mg), and in the same manner as in Example 122 (2), the title 
compound (800 mg) was obtained as a pale-yellow powder. 

1 H-NMR(500MHz,DMSO-d 6 )51 .54-1 .60(1 H,m), 2.45-2.50(1 H,m), 2.79(1 H,dd,J=8.7,1 .6Hz), 3.00-3.20(3H,m), 
3.55-3.58(1 H,m), 3.68-3.82(1 H,m), 4.34-4.63(3H,m), 4.65(2H,s), 4.87-4.93(1 H,m), 7.51(2H,d,J=8.2Hz) l 7.86(2H, 
d,J=8.2Hz), 8.11(2H,d,J=8.4Hz), 8.16(2H,d,J=8.4Hz), 8.85(1H,brs), 9.91(1H,brs). 

Example 125 

[0240] Synthesis of 3-{(2S,4S)-4-(1 -pyrrolidinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine dihydrochloride 

(1) Using' th title compound (1 .00 g) of Refer nc Example 12 and pyrrolidine (0.274 g), and in the same manner 
as in Example 70 (1), 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(1 -pyrrolidinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine 
(0.793 g) was obtained as a white solid. 
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(2) Using th above-mentioned compound (791 mg) t and in th sam mann r as in Exampl 70(2),th title com- 
pound (626 mg) was obtain d as a whit powder. 

iH-NMR(DMSO-d 6 )51.80-2.15(6H,m), 2.16-2.28(2H,m), 2.95-3.25(3H,m), 3.50-3.95(3H ( m), 4.02-4.1 5(2H,m) f 
4.45-4.75(4H,m). 

Example 126 

[0241 ] Synthesis of 3-((2S,4S)-4-morpholino-2-pyn'olidinylcarbonyl)-1 ,3-thiazolidine dihydrochioride 

(1 ) Using the title compound (1 .00 g) of Reference Example 1 2 and morpholine (0.31 9 g), and in the same manner 
as in Example 70 (1), 3-((2S,4S)-1-tert-butoxycaifconyl-4-mon^^ 

(0.987 g) was obtained as a white solid. 

(2) Using the above-mentioned compound (985 mg), and in the same manner as in Example 70 (2), the title com- 
pound (746 mg) was obtained as a white powder. 

iH-NMR(DMSO-d 6 )62.22-2.35(2H,m), 2.90-3. 50(7H,m), 3.70-4.20(5H,m), 4.46-4.83(6H,m), 9.30(1H,brs). 
Example 127 

[0242] Synthesis of 3-((2S,4S)-4-piperidino-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine dihydrochioride 

(1) Using the title compound (1 .00 g) of Reference Example 12 and piperidine (0.318 g), and in the same manner 
as in Example 70 (1), 3-((2S,4S)-1 -tert-butoxycarbonyl-4-piperidino-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (0.908 
g) was obtained as a white solid. 

(2) Using the above-mentioned compound (906 mg), and in the same manner as in Example 70 (2), the title com- 
pound (705 mg) was obtained as a white powder. 

1 HNMR(DMSO-d6)61.65-1.90(6H f m) t 2.18-2.34(2H,m), 2.85-3.20(4H,m) t 3.30-3.50(2H,m), 3.55-4.05(2H,m), 
4.50-4.82(6H 1 m). 

Example 128 

[0243] Synthesis of 3-K2S f 4S)-4-(4-hydroxypiperidino)-2-pyrroiidinylcarbonyl]-1 ,3-thiazolidine trihydrochloride 

(1) Using the title compound (988 mg) of Reference Example 12 and 4-hydroxypiperidine (867 mg), and in the 
same manner as in Example 70 (1), 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(4-hydroxypiperidino)-2-pyrrolidinylcarb- 
onyl]-1 ,3-thiazolidine (408 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (408 mg), and in the same manner as in Example 70 (2), the title com- 
pound (250 mg) was obtained as a white powder. 

l H-NMR(DMSO-d 6 )51 .60-1 .82(2H,m),5l ,84-2.05(2H,m), 2.12-2.33(2H,m), 2.85-3.55(6H,m), 3.59-4.1 0(6H t m), 
4.45-4.78(3H,m). 

Example 129 

[0244] Synthesis of 3-[(2S,4S)-4-(3-azaspiro[5.5]undec-3-yl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine 2 trifluoroace- 
tate 

(1) The title compound (340 mg) of Reference Example 12, 3-azaspiro[5.5]undecene (210 mg) and acetic acid 
(0.066 ml_) were dissolved in 1 ,2-dichloroethane (10 ml_), and sodium triacetoxyborohydride (485 mg) was added 
thereto. The mixture was stirred at room temperature for 1 7 hr. The reaction mixture was 'added to and the mixture 
was extracted with chloroform. The extract was washed with brine and dried. The solvent was evaporated under 
reduced pressure. Ethyl acetate was added to the residue, and the precipitate was collected by filtration to give 
3-[(2S,4S)-4-(3-azaspiro[5.5]undec-3-yl)-1 -tert-butoxycarbonyl-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (1 41 mg) 
as a white solid. 

(2) The above-mentioned compound (140 mg) was dissolved in methanol (3 mL) and chloroform (3 mL) and 4 mol/ 
L hydrochloric acid-1 ,4-dioxane (1 mL) were added thereto. The mixture was stirred at room temperature for 18 
hr. The solvent was evaporated under reduced pressure and the residue was purified by HPLC to give the title 
compound (52 mg) as a whit solid. 

iH-NMRtSOOMHz.DMSO-d^l.Sg-I^MH.m), 2.08-2.14(1 H,m), 2.96-3.30(8H,m), 3.64-3.89(3H,m), 4.05^.10 
(1H,m), 4.44-4.69(3H,m), 9.84(2H,brs). 
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Exampl 130 

[0245] Synth sis of 3-[(2S,4S)-4-(4-oxo-1 -phenyl-1 t 3,8-triazaspiro[4.5]clec-8-yl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazoli- 
dine dihydrochloride 

(1 ) Using th title compound (1 .00 g) of Reference Example 1 2 and 4-oxo-1 -phenyl-1 ,3,B-triazaspiro[4.5]decane 
(0.81 g), and in the same manner as in Example 70 (1), 3-[(2S,4S)-1-tert-butoxycarbonyl-4-(4-oxo-1-phenyl- 
1 ,3,8-tria2aspiro[4.5]dec-8-yl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolldine (1 .64 g) was obtained as a white solid pow- 
der. 

(2) Using the above-mentioned compound (1 .64 g), and in the same manner as in Example 70 (2), the title com- 
pound (0.900 g) was obtained as a white powder 

1 H-NMR(DMSO-dg)51 .50-2.1 6(6H,m), 2.80-3.30(5H,m), 3.40-3.95(6H,m) 1 4.45-4.80(5H ( m), 6.75-6.85(1 H m) 
6.90-7.05(2H,m) f 7.21 -7.30(2H,m). 

Example 131 

[0246] Synthesis of 3-[(2S l 4S)-4-(4-phenyl)-2-pyiTolidinylcarbonylJ-1 ,3-thiazolidine dihydrochloride 

(1 ) Using the title compound (461 mg) of Reference Example 12 and 4-phenylpiperidine (300 mg), and in the same 
manner as in Example 129 (1), 3-K2S,4S)-1-tert-butoxycarbonyI-4-(4-phenylpiperidi)-2-pyrrolidinylcarbonyl]- 
1 ,3-thiazolidine (1 1 8 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (116 mg), and in the same manner as in Example 129 (2), the title 
compound (78 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )81.98-2.06(4H,m), 2.22-2.33(1 H,m), 2.84-2.90(1 H,m), 3.00-3.20(5H,m), 3.53-4.04(7H,m), 
4.47-4.74(3H,m), 7.23-7.38(5H,m). 

Example 132 

[0247] Synthesis of 3-[(2S,4S)-4-(1 ,2,3,6-tetrahydro-4-phenyl-1 -pyridyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine di- 
hydrochloride 

(1) Using the title compound (236 mg) of Reference Example 12 and 1,2, 3, 6-tetrahydro-4-pheny1-1 -pyridine (150 
mg), and in the same manner as in Example 70 (1 ), 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(1 ,2,3,6-tetrahydro-4-phe- 
nyl-1-pyridyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (227 mg) was obtained as a white solid. 

(2) The above-mentioned compound (225 mg) was dissolved in dichlorom ethane (4 mL), and trifluoroacetic acid 
(1 mL) was added thereto at room temperature. The mixture was stirred for 16 hr. The solvent was evaporated 
under reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. 
The mixture was extracted with chloroform. The extract was washed with brine and dried. The solvent was evap- 
orated under reduced pressure. The residue was dissolved in ethyl acetate and 4 mol/L hydrochloric acid-ethyl 
acetate was added and the precipitate was collected by filtration to give the title compound (158 mg) as a white 
powder. 

lH-NMR(500MHz l DMSO-d 6 )52.27-2.32(1H,m) l 2.83(2H,brs), 3.03-3.1 6(4H,m), 3.68-4.1 5(8H,m), 4.48-4 75(3H 
m), 6.1 9(1 H,s), 7.32-7.41 (3H,m), 7.49-7.51 (2H,m). 

Example 133 

[0248] Synthesis of 3-{(2S f 4S)-4-[4-(p-tolyi)piperidino]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine dihydrochloride 

(1) The title compound (504 mg) of Reference Example 12, 4-(p-tolyl)piperidine (353 mg) and acetic acid (0.096 
mL) were dissolved in 1 ,2<lichloroethane (1 0 mL), and sodium triacetoxyborohydride (71 0 mg) was added thereto. 
The mixture was stirred at room temperature for 18 hr. The reaction mixture was added to water and the mixture 
was extracted with chloroform. The extract was washed with brine and dried. The solvent was evaporated under 
reduced pressure to give 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(p-tolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thi- 
azolidine (1 1 5 mg) as a white solid. 

(2) The above-mentioned compound (114 mg) was dissolved in methanol (3 mL), and chloroform (3 mL) and 4 
mol/L hydrochloric acid-1 ,4-dioxane (1 mL) wer added thereto. The mixture was stirr d at room temperature for 
1 8 hr. The solvent was evaporated under reduc d pressure to give the title compound (84 mg) as a white powder. 
1 H-NMR(DMSO-d 6 )51.97-2.06(4H,m), 2.25-2.35(1 H,m),2.27(3H,s), 2.78-2.85(1 H.m), 3.00-3.1 7(5H,m), 3.50-4.05 
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(7H,m), 4.47-4.74(3H,m), 7.1 0-7.1 7(4H t m). 
Exampl 134 

[0249] Synthesis of 3-{(2S,4S)-4-[4-(3,4-xylyl)pip ridinol^-pyrrolidinylcarbonylJ-I.S-thiazolidin dihydrochloride 

(1) Using the title compound (450 mg) of Reference Example 12 and 4-(3,4-xylyl)piperidine (312 mg), and in the 
same manner as in Example 70 (1), 3^(2S,4S)-1 -tert-butoxycaroony^ 

bonylJ-1 ,3-thiazolidine 618 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (613 mg), and in the same manner as in Example 70 (2), the title com- 
pound (374 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d6)51 .86-2.1 5(4H,m), 2.18(3H,s), 2.20(3H t s) t 2.22-2.37(1 H,m), 2.68-2.74(1 H,m), 2.93-3.25(5H, 
m), 3.42-4.07(7H,m), 4.44^.77(3H,m), 6.88-7.04(2H,m), 7.09(1 H.d.^.SHz), 10.1(1H,brs), 11 .91(1H,brs). 

Example 135 

[0250] Synthesis of 3-{(2S l 4S)^-[4-(2 < 4-dimethoxyphenyl)piperidino]-2-pyrrolidinylcaroonyl}-1,3-thiazoH dihy- 
drochloride 

(1 ) Using the title compound (487 mg) of Reference Example 1 2 and 4-(2 l 4-dimethoxyphenyl)piperidine (430 mg), 
and in the same manner as in Example 133 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2,4-dimethoxyphenyl)pip- 
eridino]-2-pyrrolidiny!carbonyl}-1 ,3-thiazolidine (82 mg) was obtained as a pale-brown solid . 

(2) Using the above-mentioned compound (82 mg), and In the same manner as in Example 133 (2), the title com- 
pound (61 mg) was obtained as a brown powder. 

1 H-NMR(DMSO-d6)51.99-2.08(4H,m), 2.25-2.35(1 H,m), 2.78-3. 17(6H,m), 3.53-4.06(7H l m), 3.72(3H,s), 3.75(3H, 
s), 4.47-4.75(3H,m), 6.74(1 H,d,J=8.1 Hz), 6.83(1 H,s), 6.91(1H,d,J=8.1Hz). 

Example 136 

[0251 ] Synthesis of 3-{(2S,4S)-4-[4-(2,3-dihydrobenzo[b]furan-5-yl)piperidino]-2-py rrolidinylcart>onyl}-1 ,3-thiazolid- 
ine dihydrochloride 

(1) Using the title compound (450 mg) of Reference Example 12 and 4-(2,3-dihydrobenzo[b]furan-5-yl)piperidine 
(335 mg), and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2,3-dihydrobenzo 
[b]furan-5-yl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (494 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (489 mg), and in the same manner as in Example 70(2), the title com- 
pound (330 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )81.84-2.14(4H I m), 2.21-2.37(1 H.m), 2.72-2.86(1 H,m), 2.96-3.26(7H,m), 3.47-4.07(7H,m), 
4.44-4.77(5H,m), 6.71(1H,d,J=8.1Hz), 6.94(1 H,d,J=8.1 Hz) 7.09(1 H,s), 9.9(1 H.brs), 11.89(1H,brs). 

Example 137 

[0252] Synthesis of 3-{(2S,4S)-4-[4-(3,4-methylenedioxyphenyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
dihydrochloride 

(1 ) Using the title compound (505 mg) of Reference Example 1 2 and 4-(3,4-methylenedioxyphenyl)piperidine (41 4 
mg), and in the same manner as in Example 133 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(3,4-methylenedioxy- 
phenyl)piperidino]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (1 05 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (105 mg), and in the same manner as in Example 133 (2), the title 
compound (61 mg) was obtained as a white powder. 

iH-NMR(DMSO-d6)81.97-2.04(4H,m), 2.25-2.35(1 H,m), 2.78-2.82(1 H,m), 3.00-3.1 7(5H,m), 3.50-4.03(7H,m), 
4.47-4.76(3H,m), 5.98(2H,s), 6.70(1 H,d,J=8.1 Hz), 6.82(1 H,s), 6..87(1H,d,J=8.1Hz). 

Example 138 

[0253] Synthesis of 3-{(2S,4S)-4-[4-(4-fluoro-3-methylphenyl)pip ridino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidin di- 
hydrochloride 
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(1) Using the title compound (450 mg) of Ref rence Example 12 and 4-(4-fluoro-3-methylphenyl)piperidine (326 
mg), and in the same manner as in Example 70 (1), 34(2S,4S)-1-tert-butoxycarbonyM-[4-(4-fluoro-3-methylphe- 
nyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazoiidin (603 mg) was obtained as a white solid. 

(2) Using th above-mentioned compound (597 mg), and in the same manner as in Example 70 (2), the titl com- 
pound (441 mg) was obtained as a white powder. 

1 H-NMR(DMSO-de)51 .90-2.1 6(4H,m), 2.23(3H,s), 2.25-2.38(1 H,m), 2.77-2.92(1 H,m), 2.96-3.26(5H,m),3.48<07 
(7H,m), 4.46-4.78(3H,m) ) 7.04-7.1 9(3H,m), 10.5(1H,brs) f 11.94(1H,brs). 

Example 139 

[0254] Synthesis of 3-{(2S,4S)-4-[4-(3,4-dichlorophenyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hydro- 
chloride 

(1) Using the title compound (480 mg) of Reference Example 12 and 4-(3,4-dichlorophenyl)piperidine (442 mg), 
and in the same manner as in Example 133 (1), 3-{(2S,4S)-1-tert4)utoxy(5arbonyl-4-t4-(3,4-dk:h!orophenyl)pipe' 
ridino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (820 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (820 mg), and in the same manner as in Example 133 (2), the title 
compound (654 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )51.99-2.10(4H,m), 2.25-2.35(1 H,m), 2.89-3.20(6H,m), 3.53-4.06(7H,m), 4.47-4.77(3H,m) f 
7.26(1^=8.11^), 7.50(1 H,d,J=3.3Hz), 7.61(1 H,dd,J=8.1 ,3.3Hz). 

Example 140 

[0255] Synthesis of 3-{(2S,4S)-4-[4-(4-chloro-3-trifluoromethylphenyl)piperidino]-2-pyrrolidinylcarbonyl)-1 ,3-thiazo- 
lidine dihydrochloride 

(1 ) Using the title compound (503 mg) of Reference Example 1 2 and 4-(4-chloro-3-trif luoromethylphenyl)piperidine 
(530 mg), and in the same manner as in Example 133 (1), 3-{(2S J 4S)-1-tert-butoxycarbonyl-4-[4-(4-chloro-3-trif- 
luoromethylphenyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (189 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (189 mg), and in the same manner as in Example 133 (2), the title 
compound (116 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )S2.07-2.12(4H,m), 2.25-2.35(1 H,m), 3.00-3. 17(6H,m), 3.59-4.1 0(7H,m), 4.47-4.76(3H,m), 
7.57-7.74(3H,m). 

Example 141 

[0256] Synthesis of 3-{(2S,4S)-4-[4-(1 -naphthyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine dihydrochloride 

(1 ) Using the title compound (601 mg) of Reference Example 1 2 and 4-(1 -naphthyl)piperidine (630 mg), and in the 
same manner as in Example 133 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(1-naphthyl)piperidino]-2-pyrrolidinyl- 
carbonyl}-1 ,3-thiazolidine (130 mg) as a pale-brown solid 

(2) Using the above-mentioned compound (129 mg), and in the same manner as in Example 133 (2), the title 
compound (72 mg) was obtained as a brown powder. 

1 H-NMR(500MHz,DMSO-d 6 )51.99-2.35(5H,m), 3.05-3.41 (5H,m), 3.63-4.Q6(8H,m), 4.49-4. 75(3H,m), 7.38-7.39 
(1H,m), 7.45-7.61 (3H,m), 7.83-7.84(1 H,m), 7.95-7.97(1 H,m), 8.21 -8.23(1 H,m). 

Example 142 

[0257] Synthesis of 3-{(2S,4S)-4-[4-(2-naphthyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine dihydrochloride 

(1) Using the title compound (450 mg) of Reference Example 12 and 4-(2-naphthyl)piperidine (349 mg), and in the 
same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycaifcony^ 

carbonyl}-1 ,3-thiazolidine (721 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (616 mg), and in the same manner as in Example 70 (2), the title com- 
pound (206 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )S2.03-2.40(5H,m), 2.97-3.35(6H,m), 3.54-4.15(7H,m), 4.47-4.80(3H,m), 7.40-7.57(3H,m), 
7.73(1H,s), 7.86-7.97(3H,m), 10.1(1H,brs), 11.95(1H,brs). 
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Exampl 143 

[0258] Synthesis of 3-{(2S,4S)-4-[4-(2-b nzo[b]thienyl)piperidino]-2-pyrro!jdinylcarbonyl}-1 ,3-thiazolidine dihydro- 
chloride 

(1) Using th title compound (450 mg) of Refer nc Example 12 and 4-(2-benzo[b]thienyl)piperidine (330 mg), 
and in the same manner as in Example 70 (1), 3^(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2-benzo[bJthienyl)piperidi- 
no]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (531 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (447 mg) f and in the same manner as in Example 70 (2), the title com- 
pound (258 mg) was obtained as a white powder. 

^-NMRfDMSO-deJo^.OS^^SH.m), 2.96-4.10(13H,m), 4.46-4.77(3H,m), 7.23-7.42(3H,m), 7.78(1H,d, 
J=7.2Hz) t 7.92(1 H,d,J=7.5Hz), 10.3(1H,brs), 11.95(1H,brs). 

Example 144 

[0259] Synthesis of 3-{(2S,4S)-4-[4-(1 -indolinyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihydrochloride 

(1) 1-tert-Butoxycarbonylpiperidin-4-one (2.50 g) t indoline (1.50 g) and acetic acid (0.73 mL) were dissolved in 
1 ,2-dichloroethane (75 mL), and sodium triacetoxyborohydride (5.32 g) was added thereto. The mixture was stirred 
at room temperature for 12 hr The reaction mixture was added to iced water and the mixture was extracted with 
chloroform. The extract was dried and the solvent was evaporated under reduced pressure. The residue was 
purified by silica gel chromatography to give 1-tert-butoxycarbonyl-4-(1-indolinyl)piperidine (2.82.g). 

(2) The above-mentioned compound (2.82 g) was dissolved in methanol (20 mL) and 4 mol/L hydrochloric acld- 
1,4-dioxane (20 mL) was added thereto. The mixture was stirred at room temperature for 12 hr. The reaction 
mixture was added to aqueous sodium hydrogencarbonate solution, and the mixture was extracted with chloroform. 
The extract was dried and the solvent was evaporated under reduced pressure to give 4-(1-indolinyl)piperidine 
(0.60 g). 

(3) Using the above-mentioned compound (470 mg) and the title compound (700 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(1 -indolinyl)piperidino]-2-pyr- 
rolidinylcarbonyl}-1 ,3-thiazolidine (449 mg) was obtained as a white solid. 

(4) Using the above-mentioned compound (448 mg), and in the same manner as in Example 70 (2), the title com- 
pound (350 mg) was obtained as a white powder. 

lH-NMR(DMSO-de)81.85-2.30(5H,m), 2.85-3.25(9H,m), 3.50-4.02(8H,m), 4.52-4.81 (3H,m), 6.51-6.60(2H,m), 
6.98-7.05(2H,m). 

Example 145 

[0260] Synthesis of 3-{(2S,4S)-4-[4-(1 -indolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine dihydrochloride 

(1) Using the title compound (604 mg) of Reference Example 12 and 4-(1 -indolyl)piperidine (403 mg), and in the 
same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(1 -indolyl)piperidino]-2-pyrrolidinylcar- 
bonyl}-1 ,3-thiazolidine (868 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (868 mg), and in the same manner as in Example 70 (2), the title com- 
pound (642 mg) was obtained as a white powder. 

iH-NMR(DMSO-de)52.05-2.60(6H,m), 2.99-3.1 8(4H,m), 3.55^.20(6H,m), 4.30-4. 90(5H,m), 6.50(1 H,d,J=3.0Hz), 
7.05(1H, dd,J=8.2,3.0Hz), 7.1 6(1 H,dd,J=8.1, 3.0Hz), 7.35(1 H,d,J=3.0Hz), 7.57(1 H,d,J=8.1 Hz), 7.61(1H,d, 
J=8.1Hz), 9.30(1 H,brs), 1 0.00(1 H.brs). 

Example 146 

[0261 ] Synthesis of 3-{(2S,4S)-4-[4-(5-bromo-1 -indolinyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihy- 
drochloride 

(1) Using 1-tert-butoxycarbonylpiperidin-4-one (2.81 g) and 5-bromo-1 -indoline (3.00 g), and in the same manner 
as in Example 144 (1), 1-tert-butoxycarbonyl-4-(5-bromo-1-indolinyl)piperidin (3.34 g) was obtained. 

(2) Using the above-mentioned compound (3.34 g), and in the same manner as in Example 144 (2), 4-(5-bromo- 
1 -lndolinyl)piperidine (1 .79 g) was obtained. 

(3) Using the above-mentioned compound (1 .12 g) and the title compound (1 .20 g) of Reference Example 12, and 
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in the same manner as in Exampl 70 (1 ), 3-{(2S,4S)-4-[4-(5-bromo-1 -indolinyl)piperidino]-1 -tert-butoxycarbonyl- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .27 g) was obtained as a white powder. 

(4) Using the above-mentioned compound (1 .27 g), and in the same manner as in Example 70 (2), the title com- 
pound (0.850 g) was obtained as a whit powder. 

1 H-NMR(DMSO-d6)51.76-1.98(2H,m), 2.01-2.20(2H,m), 2.21-2.35(2H,m), 2.85-3.30{9H,m), 3.11-3.45(2H l m), 
3.55-4.1 0(5H,m) f 4.55-4.85(3H,m), 6.49(1 H,d,J=8.4Hz), 7.13(1 H f d.J=1 .8Hz), 7.15(1 H,dd,J=8.4,1.8Hz), 9.25(1H, 
brs). 

Example 147 

[0262] Synthesis of 3-{(2S,4S)-4-[4-(2-oxo-1 -benzimida2oIinyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine di- 
hydrochloride 

(1) Using the title compound (450 mg) of Reference Example 12 and 4-(2-oxo-1-benzimidazolinyl)piperidine (358 
mg), and in the same manner as in Example 70 (1), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-oxo-1 -benzimidazoli- 
nyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (752 mg) was obtained as a white solid. 

(2) The above-mentioned compound (635 mg) was dissolved in 1 .5 mol/L hydrochloric acid-methanol (5 mL), and 
the mixture was stirred at room temperature for 36 hr. The reaction mixture was concentrated under reduced 
pressure and ethanol (10 mL) was added to the residue. The precipitate was collected by filtration to give the title 
compound (352 mg) as a pale-brown powder. 

1 H-NMR(DMSO-d 6 )61.83-1.98(2H,m), 2.20-2.37(1 H,m), 2.72-2.93 (2H,m), 2.96-3.45(5H,m), 3.52-4.1 0(7H,m), 
4.46-4.77(4H,m), 7.00(3H,brs), 7.58(1 H,brs), 1 0.97(1 H, brs), 1 2.23(1 H.brs). 

Example 148 

[0263] Synthesis of 3-[(2S,4S)-4-(4-anilinopiperidino)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine trihydrochloride 

(1 ) Using 1 -tert-butoxycarbonylpiperidin-4-one (2.50 g) and aniline (1 .24 g), and in the same manner as in Example 
144 (1), 4-anilino-1-tert-butoxycarbonylpiperidine (2.35 g) was obtained. 

(2) Using the above-mentioned compound (2.34 g), and in the same manner as in Example 144 (2), 4-anilinopi- 
peridine (0.88 g) was obtained. 

(3) Using the above-mentioned compound (320 mg) and the title compound (500 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-[(2S,4S)-4-(4-anilinopiperidino]-1-tert-butoxycarbonyl-2-pyrrolid- 
inylcarbonyl]-1 ,3-thiazolidine (679 mg) was obtained as a white solid. 

(4) Using the above-mentioned compound (678 mg), and in the same manner as in Example 70 (2), the title com- 
pound (469 mg) was obtained as a white powder 

1 H-NMR(DMSO-d6)51.98-2.45(6H t m) f 2.90-3.25(6H,m), 3.30-4.25(5H,m), 4.50-4.85(4H,m), 6.95-7,50(5H,m), 
9.22(1 H,brs). 

Example 149 

[0264] Synthesis of 3-{(2S,4S)-4-[4-(4-nitrophenyl)aminopiperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihydro- 
chloride 

(1) 4-Amino-1-tert-butoxycarbonylpiperazine (3.00 g), 4-fluoronitrobenzene (2.54 g) and N,N-diisopropylethyl- 
amine (8.82 g) were dissolved in N-methyl-2-pyrrolidone (30 mL), and the mixture was stirred at 80°C for 18 hr. 
The reaction mixture was added to water and the mixture was extracted with ethyl acetate. The extract was washed 
with brine and dried. The solvent was evaporated under reduced pressure. The residue was purified by silica gel 
column chromatography to give 1 -tert-.butoxycarbonyl-4-(4-nitrophenyl)aminopiperidine (2.55 g) as a white solid. 

(2) Using the above-mentioned compound (1 .00 g), and in the same manner as in Example 144 (2), 4-(4-nitroph- 
enyl)aminopiperidine (0.563 g) was obtained. 

(3) Using the above-mentioned compound (562 mg) and the title compound (761 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-t4-(4-nitrophenyl)aminopiperid- 
ino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (780 mg) was obtained as a yellow solid. 

(4) Using the above-mentioned compound (778 mg), and in the same manner as in Example 70 (2), the title com- 
pound (575 mg) was obtained as a yellow powder. 

lH-NMR(DMSO-d6)81 .85-2.01 (2H,m), 2.05-2.24(2H,m), 2.25-2.45(2H,m), 3.00-3.21 (5H,m), 3.50-4.20(7H,m), 
4.48-4.85(3H,m), 6.72(2H,d,J=9.3Hz), 8.00(2H,d,J=9.3Hz), 9.21 (1 H.brs). 
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Exampl 150 

[0265] Synthesis of 3-{(2S,4S)-4-[4-(4-trifluoromethylphenyl)am^ ,3-thiazolid- 
ine trihydrochloride 

(1) Using 1-tert-butoxycarbony!piperidin-4-one (2.50 g) and 4-trifluorom thylanilin (2.12 g), and in the sam man- 
ner as in Example 144 (1), 1-tert-butoxycarbonyl-4-(4-trifluoromethylphenyl)aminopiperidine (2.23 g) was ob- 
tained. 

(2) Using the above-mentioned compound (2.23 g) t and in the same manner as in Example 144 (2), 4-(4-trifluor- 
omethy]phenyl)aminopiperidine (1 .36 g) was obtained. 

(3) Using the above-mentioned compound (447 mg) and the title compound (500 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(4-trifluoromethylpheny0ami- 
nopiperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (775 mg) was obtained as a white solid. 

(4) Using the above-mentioned compound (774 mg), and in the same manner as in Example 70 (2), the title com- 
pound (514 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )81.75-1.95(2H,m), 2.05-2.30(2H,m), 2.25-2.55(2H,m), 2.95-3.30(6H,m) t 3.40-4.1 5(5H,m), 
4.50-4.80(4H,m), 6.72(2H,d,J=8.7Hz), 7.38(2H,d,J=8.7Hz), 9.21(1H,brs). 

Example 151 

[0266] Synthesis of 3-{(2S l 4S)-4-[4-(4-chlorophenyl)amlnopiperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihy- 
drochloride 

(1 ) Using 1 -tert-butoxycarbonylpiperidin-4-one (3.00 g) and 4-chloroaniline(1 .92 g), and in the same manner as in 
Example 144 (1), 1-tert-butoxycarbonyl-4-(4-chlorophenyl)aminopiperldine (2.77 g) was obtained. 

(2) Using the above-mentioned compound (2.76 g), and in the same manner as in Example 1 44 (2), 4-(4-chloroph- 
enyl)aminopiperidine (1 .07 g) was obtained. 

(3) Using the above-mentioned compound (725 mg) and the title compound (500 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(4-chlorophenyl)aminopipe- 
ridino]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (553 mg) was obtained as an oil. 

(4) Using the above-mentioned compound (550 mg), and in the same manner as in Example 70 (2), the title com- 
pound (416 mg) was obtained as a white powder. 

1 H-NMR(DMSO-cyS1.65-1.99(2H,m), 2.05-2.35(3H,m), 2.95-3.25(5H J m), 3.26-4.1 5(8H,m), 4.48-4.82(3H,m), 
6.58-6.85(2H,m), 7.08-7.20(2H,m), 9.22(1 H.brs). 

Example 152 

[0267] Synthesis of 3-{(2S,4S)-4-[4-(5-cyano-2-pyridyl)aminopiperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine tri- 
hydrochloride 

(1) Using the title compound (254 mg) of Reference Example 12 and 4-(5-cyano-2-pyridyl)aminopiperidine (155 
mg), and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-cyano-2-pyridyl)ami- 
nopiperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (225 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (224 mg), and in the same manner as in Example 70 (2), the title com- 
pound (21 9 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )51.80-1.99(2H,m), 2.02-2.20(2H,m), 2.21-2.45(2H,m), 2.98-3.23(5H,m), 3.75-4.20(7H,m), 
4.55-4.86(3H,m), 6.55-6.62(1 H ( m), 7.72(1 H,d,J=9.0Hz), 8.42(1 H,s), 9.22(1 H,brs). 

Example 153 

[0268] Synthesis of 3-{(2S,4S)-4-[4-(N-methylanilino)piperidino]-2-pyrrolidinylcarbonyl}-1,3-thiazo trihydro- 
chloride 

(1 ) 3-[(2S,4S)-4-(4-Anilinopiperidino)-1 -tert-butoxycarbonyl-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine [product of Ex- 
ample 148 (3), 1.18 g] was dissolved in 1 ,2-dichloroethane (75 ml_), and sodium triacetoxyborohydride (5.32 g), 
acetic acid (0.73 mL) and 37% formaldehyd solution (5.0 ml_) were added thereto. The mixture was stirred at 
room temp rature for 12 hr. Th reaction mixtur was added to water, and th mixtur was extracted with chloro- 
form. The extract was dri d and the solvent was evaporated und rreduc d pressure. The residu was purified by 
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silica gel column chromatography to give 3-{(2S l 4S)-1-tert-butoxycarbonyl-4-[4-(N-methylanilino)pipeiidino]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolinine (967 mg). 

(2) Using the abov -mentioned compound (965 mg), and in the same manner as in Exampl 70 (2), the title com- 
pound (618 mg) was obtained as a white powder 

1 H-NMR(DMSO-d 6 )61.75-2.35(6H l m), 2.78-3.28(9H,m), 3.40-4.1 5(6H,m), 4.48-4.85(3H,m), 7.20-7.75(5H,m), 
9.22(1 H.brs), 9,22(1 H.brs). 

Example 154 

[0269] Synthesis of 3-{(2S f 4S)^-[4-(4-chlorophenyO-4-hydroxypiperidino]-2-pyrrolidinylcarbony1}-1 ,3-thiazolidine 2 
trifluoroacetate 

(1 ) The title compound (593 mg) of Reference Example 1 2 was dissolved in methanol (1 0 mL), and 4-(4-chloroph- 
enyl)-4-hydroxypiperidine (500 mg), acetic acid (113 u.L) and sodium cyanoborohydride (124 mg) were added 
thereto at room temperature. The mixture was stirred for 21 hr. Water was added to the reaction mixture, and the 
mixture was extracted with chloroform. The extract was washed with brine and dried. The solvent was evaporated 
under reduced pressure to give 3-{(2S > 4S)-1-tert-butoxycarbonyl-4-[4-(4-chlorophenyl)-4-hydroxypiperidino]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazoiidine (428 mg) as a white solid. 

(2) Formic acid (10 mL) was added to the above-mentioned compound (427 mg). The mixture was stirred at room 
temperature for 21 hr. The solvent was evaporated under reduced pressure and the residue was purified by H PLC 
to give the title compound (78 mg) as a white powder. 

lH-NMR(DMSO-d 6 )51.81-1.85(2H > m), 2.05^2.1 9(3H,m), 3.00-4.06(1 2H,m), 4.45-4.71 (3 H,m), 5.60(1H,brs), 
7.42-7.50(4H,m). 

Example 155 

[0270] Synthesis of 3-{(2S,4S)^-[4-ethoxycaroonyM-(4-fluorophenyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazo- 
lidine dihydrochloride 

(1 ) Using the title compound (450 mg) of Reference Example 1 2 and 4-ethoxycarbonyU-(4-f luorophenyl)piperidine 
(414 mg), and in the same manner as in Example 70 (1), 3-{(2S > 4S)-1-tert-butoxycarbonyl-4-[4-ethoxycarbonyl- 
4-(4-fluorophenyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (742 mg) was obtained as a white solid. 

(2) The above-mentioned compound (321 mg) was dissolved in ethanol (4 mL), and 4.6 mol/L hydrochloric acid- 
ethanol (1 mL) was added thereto. The mixture was stirred at room temperature for 18 hr. The precipitate was 
collected by filtration to give the title compound (21 8 mg) as a white powder. 

lH-NMR(DMSO-d 6 )51.14(3H,t,J=6.8Hz), 2.05-2.28(2H,m), 2. 58-2.67(2 H,m), 2.83-3.1 6(5H,m), 3.5-4.1 5(1 OH ,m), 
4.42-4.73(3H,m), 7.24(2H,t,J=8.8Hz), 7.34(2H,brs) f 9.1(1H,brs), 1 0.35(1 H.brs), 11.95(1H,brs). 

Example 156 

[0271 ] Synthesis of 3-{(2S,4S)-4-[1 -(4-nitropheny l)-4-piperidinyl]amino-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hy- 
drochloride 

(1) 1 ,4-Dioxa-8-azaspiro[4,5]decane (7.88 g) was dissolved in N-methyl-2-pyrrolidine (50 mL), and diisopropyl- 
ethyiamine (9.58 mL) and 4-f luoronitrobenzene (7.06 g) were successively added. The mixture was stirred at room 
temperature for 2 hr. The reaction mixture was added to iced water, and the precipitated solid was collected by 
filtration to give N-(4-nitrophenyl)-4-piperidone ethylene ketal (1 0.6 g) as a yellow powder. 

(2) The above-mentioned compound (9.25 g) was suspended in acetone (100 mL), and p-toluenesulfonic 'acid 
monohydrate (7.32 g) and hydrochloric acid (20 mL) were successively added. The mixture was stirred at room 
temperature for 1 8 hr. Aqueous sodium hydroxide solution was added to the reaction mixture and the precipitate 
was collected by filtration to give [1 -(4-nitrophenyl)-4-piperidinyl]amine (6.48 g) as a yellow powder. 

(3) Using the above-mentioned compound (6.1 7 g) and the title compound (4.22 g) of Reference Example 1 0, and 
in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert4)utoxycaroonyl-4-[1.(4-nitrophenyl)-4-piperidinyliami- 
no-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (7.26 g) was obtained. 

(4) The above-mentioned compound (524 mg) was dissolved in ethyl acetate (2.07 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .04 mL) was added thereto. The mixture was stirred at room temperature for 1 8 hr. The pre- 
cipitate was collect d by filtration to give the title compound (406 mg) as a yellow powder. 
1 H-NMR(DMSO-d 6 )61.53-1.79(2H,m), 2.02-2.25(3H,m), 2.88-3.01 (5H,m), 3. 35-3. 96(5 H,m), 3.96-4.28(3H,m), 
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4.39-4.78(3H,m), 7.08(2H,d,J=9.6Hz), 8.07(2H,d,J=9.3Hz). 
Exampl 157 

5 [0272] Synthesis of 3-{(2S,4S)-4-{N-methyt-N-[1 -(4-nitrophenyl)-4-piperidinyl]amino}-2-pyrrolidinylcarbonyl}-1 ,3-thi- 
azolidine dihydrochloride 

(1 ) Using 3-{(2S ,4S)-1 -tert-butoxycarbonyl-4-[1 -(4-nitrophenyl)-4-piperidinyl]amino-2-pyrrolidinylcarbonyl}- 

1 .3- thiazolidine [product of Example 156 (3), 1.01 g], and in the same manner as in Example 64 (1), 3-{(2S,4S)- 
10 1 -tert-butoxycart)onyl-4-{N-methyl-N-[1 -(4-nitrophenyl)-4-piperidinyl]amino}-2-pyrrolidinylcarbonyl}-1 ,3-thiazolid- 

ine (1 .04 g) was obtained. 

(2) The above-mentioned compound (1 .04 g) was dissolved in methanol (4 mL), and 4 mol/L hydrochloric acid- 

1 .4- dioxane (2 mL) was added thereto. The mixture was stirred at room temperature for 1 8 hr. The reaction mixture 
was concentrated under reduced pressure and the obtained solid was washed with ethanol to give the title com- 

15 pound (0.555 g) as a yellow powder. 

^-NMRfDMSO-cySI .50-1 .90(2H,m), 1 .95-2.40(3H,m), 2.68(3H,s), 2.80-3.25(5H,m), 3.25-3.98(5H,m), 4.02-4.37 
(3H,m), 4.40-4.75(3H,m), 7.09(2H,d,J=9.6Hz), 8.07(2H,d,J=9.3Hz). 

Example 158 

20 

[0273] Synthesis of 3-{(2S,4S)-4-{N-(4-cyanophenylmethyl)-N-[1 -(4-nitrophenyi)-4-piperidinyl]amino}-2-pyrrolidinyl- 
carbonyl}-1 ,3-thiazolidine dihydrochloride 

(1) The product (1 .01 g) of Example 156 (3) was dissolved in N-methyl-2-pyrrolidone (6 mL), and 4-cyanobenzyl 
25 bromide (0.392 g) and disopropylethylamine (1 .05 mL) were added thereto. The mixture was stirred at 80°C for 8 

hr with heating. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution and 
the mixture was extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced 
pressure. The residue was purified by silica gel chromatography to give 3-{(2S,4S)-1-tert-butoxycaroonyl-4- 
{N-(4«^anophenylmethyl)-N-[1-(4-nrtroph 
30 (0.685 g) as a yellow oil. 

(2) The above-mentioned compound (1 .04 g) was dissolved in ethyl acetate (4.41 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (2.20 mL) was added thereto/The mixture was stirred at room temperature for 1 8 hr. The reaction 
mixture was added to saturated aqueous sodium hydrogencarbonate solution and the. mixture was extracted with 
chloroform. The extract was dried and concentrated under reduced pressure. The residue was purified by silica 

35 gel chromatography and was dissolved in chloroform. 4 mol/L Hydrochloric acid-ethyl acetate (0.309 mL) was 

added and the precipitate was collected by filtration to give the title compound (0.249 g) as a yellow powder. 
1 H-NMR(DMSO-d 6 )51.34-2.35(5H,m), 2.45-3.20(7H,m), 3. 20-4.25(8 H,m), 4.35-4.80(3H,m), 7.01(2H,d,J=9.6Hz), 
7.50-7.90(4H,m), 8.03(2H,d,J=9.3Hz), 8.87(1H,brs), 1 0.24(1 H.brs). 

40 Example 159 

[0274] Synthesis of 3-[(2S ( 4S)-4-(4-methyl-1 -piperazinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine trihydrochloride 
[0275] The title compound (450 mg) of Reference Example 12, 1 -methylpiperazine (0.20 mL) and acetic acid (0.09 
mL) were dissolved in 1 ,2-dichloroethane (8 mL), and sodium triacetoxyborohydride (636 mg) was added thereto. The 
45 mixture was stirred at room temperature for 30 hr. Saturated aqueous sodium hydrogencarbonate solution was added 
to the reaction, mixture and the mixture was extracted with ethyl acetate, The extract was washed with brine and dried. 
The solvent was evaporated under reduced pressure and the residue was purified by silica gel chromatography to give 
3-[(2S,4S)-1-tert-butoxycaroonyl-4-(4-methyM (526 mg) as a 

white solid. 

50 

(2) The above-mentioned compound (522 mg) was dissolved in methanol (25 mL), and 1.5 mol/L hydrochloric 
acid-methanoi (25 mL) was added thereto. The mixture was stirred at room temperature for 38 hr. The reaction 
mixture was concentrated under reduced pressure and ethyl acetate was added to the residue. The precipitate 
was collected by filtration to give the title compound (355 mg) as a white powder. 
55 1 H-NMR(DMSO-de)51 .88-2.03(1 H,m), 2.79(3H,s), 2.80-2.94(1 H,m), 2.98-3.93(1 5H,m), 4.43-4.77(3H,m), 9.10 

(1H,brs), 1 0.78(1 H.brs), 11 .5(1H,brs). 
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Examp! 160 

[0276] Synthesis of 3^(2S,4S)-4-(4-pheny!-1-piperaziny1)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine trihydrochloride 

(1) Using the title compound (450 mg) and 1 -phenylpiperazine (0.27 mL), and in the same mann r as in Example 
70 (1 ), 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-phenyl-1 -piperazinyl)-2-pyrrolidinylcarbony0-1 ,3-thiazolidin (566 
mg) was obtained as a white solid. 

(2) The above-mentioned compound (442 mg) was dissolved in 1.5 mol/L hydrochloric acid-methanol (10 mL), 
and the mixture was stirred at room temperature for 20 hr. the reaction mixture was concentrated under reduced 
pressure and ethyl acetate was added to the residue. The precipitate was collected by filtration to give the title 
compound (41 8 mg) as a white powder. 

^-NMRfDMSO-deJo^.S^IH.q^H^Hz), 2.94-3.95(1 5H,m), 4.03-4.1 8(1 H,m), 4.44-4. 77(3H,m), 6.89(1H,t, 
J=7.3Hz), 7.03(2H,d,J=8.0Hz), 7.28(2H,dd t J=8,0.7.3Hz), 9.23(1 H.brs), 1 0.94(1 H,brs). 

Example 161 

[0277] Synthesis of 1 -{(2S,4S)-4-(4-phenyl-1 -piperazinyl)-2-pyrrolidinylcarbonyl]pyrrolidine trihydrochloride 

(1) Using the title compound (565 mg) of Reference Example 14 and 1 -phenylpiperazine (0.37 mL), and in the 
same manner as in Example 70 (1 ), 1 -[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-phenyl-1 -piperazinyl)-2-pyrrolidinylcar- 
bonyl]pyrrolidine (832 mg) was obtained as a white solid. 

(2) The above-mentioned compound (700 mg) was dissolved in methanol (50 mL) and chloroform (50 mL), and 
1 .5 mol/L hydrochloric acid-methanol (50 mL) was added thereto. The mixture was stirred at room temperature 
for 5 days. The reaction mixture was concentrated under reduced pressure and methanol was added to the residue. 
The precipitated solid was collected by filtration to give the title compound (632 mg) as a white powder. 
1 H-NMR(DMS0-d 6 )51.73-1.98(4H J m), 2.29(1 H,q,J=1 1.6Hz), 2.93-4.1 8(1 6H,m), 4.45-4.57(1 H,m), 6.89(1 H,t t 
J=8.0Hz), 7.03(2H,d,J=8.0Hz), 7.28(2H,t,J=8.0Hz), 9.1 3(1 H.brs), 10.89(1 H.brs). 

Example 162 

[0278] Synthesis of 3-[(2S J 4S)-4-(4-benzyl-1 -piperazinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine trihydrochloride 

(1) The title compound (437 mg) of Reference Example 12, 1 -benzylpiperazine (303 mg) and acetic acid (0.085 
mL) were dissolved in 1 ,2-dichloroethane (6 mL), and sodium triacetoxyborohydride (650 mg) was added thereto. 
The mixture was stirred at room temperature for 5 hr. Saturated aqueous sodium hydrogencarbonate solution was 
added to the reaction mixture and the mixture was extracted with ethyl acetate. The extract was washed with brine 
and dried. The solvent was evaporated under reduced pressure and the residue was purified by silica gel chro- 
matography to give 3-[(2S,4S)-4-(4-benzyl-1-piperazinyl)-1-tert-butoxycarbonyl-2-pyrrolidinylcarbonyl]-1 ,3-thia- 
zolidine (556 mg) as a white solid. 

(2) The above-mentioned compound (546 mg) was dissolved in methanol (1 6 mL), and 4 mol/L hydrochloric acid- 
1 ,4-dioxane (8 mL) was added thereto. The mixture was stirred at room temperature for 1 5 hr. The precipitate was 
collected by filtration to give the title compound (41 2 mg) as a white powder 

1 H-NMR(DMSO-d 6 )81.79-1.89(1H,m) f 2.76-2.84(1 H,m), 2.90-3.90(1 5H,m), 4.35(2H,s), 4.45-4.73(3H,m), 
7.45-7.47(3H,m), 7.62-7.65(2H,m), 8.99(1H,brs), 1 0.45(1 H.brs). 

Example 163 

[0279] Synthesis of 3-{(2S,4S)-4-[4-(diphenylmethyl)-1 -piperazinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine trihydro- 
chloride 

(1) Using the title compound (402 mg) of Reference Example 12 and 1-diphenylmethylpiperazine (405 mg), and 
in the same manner as in Example 162(1), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(diphenylmethyl)-1 -piperazinyl]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (470 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (470 mg), and in the same manner as in Example 162 (2), the title 
compound (449 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d6)61.94-2.01(1H,m), 2.79-2.85(1 H,m), 3.03-3.92(1 5H,m), 4.43-4.73(3H,m), 4.48(1H,brs), 
7.30-7.44(6H,m), 7.88(4H,brs), 9.09(1 H.brs), 1 0.50(1 H,brs). 



64 



EP 1 308 439 A1 



Exampl 164 

[0280] Synthesis of 3-{(2S,4S)-4-[4-{4-cyanophenyl)-1 -pip razinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihydro- 
chloride 

(1 ) Using the title compound (485 mg) of Reference Example 1 2 and 1 -(4-cyanopheny l)piperazin (335 mg), and 
in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(4-cyanophenyi)-1«piperazinyl]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (492 mg) was obtained as a white powder. 

(2) Formic acid (8 mL) was added to the above-mentioned compound (492 mg). The mixture was stirred at room 
temperature for 2 days. The solvent was evaporated under reduced pressure, and saturated aqueous sodium 
hydrogencarbonate solution was added to the residue. The mixture was extracted with chloroform. The extract 
was washed with brine and dried. The solvent was evaporated under reduced pressure, and the residue was 
purified by silica gel chromatography. 4 mol/L Hydrochloric acid-ethyl acetate was added and the precipitate was 
collected by filtration to give the title compound (78 mg) as a white powder. 

1 H-NMRtSOOMHz.DMSO-deJo^^O^^IH.m), 2.95-3.1 6(3H,m), 3.1 0-4.05(1 3H,m), 4.47-4.74(3H,m), 7.13(1 H, 
d,J=8.8Hz), 7.65(1 H,d,J=8.8Hz), 9.13(1H,brs), 10.61(1H,brs). 

Example 165 

[0281] Synthesis of 3-{(2S,4S)-4-t4-(3-trifluoromethylphenyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
trihydrochloride 

(1) Using the title compound (411 mg) of Reference Example 12 and 1-(3-trifluoromethylphenyl)piperazine (378 
mg), and in the same manner as in Example 1 62 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(3-trif luoromethylphe- 
nyl)-1 -piperazinyl]-2-pyrrolidinyfcarbonyl}-1 ,3-thiazolidine (700 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (700 mg), and in the same manner as in Example 162 (2), the title 
compound (553 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )52.25-2.36(1H,m), 3.00-4.1 0(1 6H,m), 4.47-4.77(3H,m), 7.17(1H,d,J=7.8Hz), 7.26-7.33(2H, 
m), 7.48(1 H,t,J=7.8Hz), 9.25(1 H.brs), 1 0.82(1 H.brs). 

Example 166 

[0282] Synthesis of 3-{(2S,4S)-4-[4-(4-methoxyphenyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihy- 
drochloride 

(1) Using the title compound (513 mg) of Reference Example 12 and 1 -(4-methoxyphenyl)piperazine (394 mg), 
and in the same manner as in Example 162 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(4-methoxyphenyl)-1-pip- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (536 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (530 mg), and in the same manner as in Example 162 (2), the title 
compound (567 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )62.28-2.39(1H,m), 3.00-3.1 7(3H,m) l 3.68-4.1 2(13H,m), 3.71(3H,s), 4.47-4. 77(3H,m), 6.89 
(2H,d,J=9.0Hz), 7.05(2H,d I J=9.0Hz), 9.22(1 H.brs), 11.00(1H,brs). 

Example 167 

[0283] Synthesis of 3-{(2S,4S)-4-[4-(4-hydroxyphenyl)-1-pipe trihy- 
drochloride 

(1 ) Using the title compound (51 5 mg) of Reference Example 1 2 and 1 -(4-hydroxyphenyl)piperazine (366 mg) and 
in the same manner as in Example 70(1), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(4-hydroxyphenyl)-1 -piperazinyl]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (260 mg) was obtained as a pale-brown solid . 

(2) The above-mentioned compound (259 mg) was dissolved in dichloromethane (1 0 mL), and trifluoroacetic acid 
(3 mL) was added thereto. The mixture was stirred at room temperature for 1 6 hr. The reaction mixture was added 
to saturated aqueous sodium hydrogencarbonate solution, and the mixture was extracted with chloroform. The 
extract was washed with brine and dried. The solvent was evaporated under reduced pressure, and the residue 
was purified by silica gel column chromatography. Ther to was added 4 mol/L hydrochloric acid-ethyl acetate and 
the precipitat was collected by filtration to give the title compound (1 5 mg) as a brown powder. 

i H-NMR(DMSO-d 6 )S2.18-2.2B(1H,m), 2.97-4,00(1 6H,m), 4.46-4.75(3H,m), 6.73(2H,d,J=8.7Hz), 6.96-6.99(2H, 
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m), 9.18(1H,brs), 10.51(1H,brs). 
Exampl 168 

S Synth6SiS °' 3 - {(25 ' 4S ^- 4 -I 4 -< 2 - nitr °P hen y | )-1-pip razinyq-a-py^olidinylcarbonyQ-I.Whiazolidine dihydro- 

(1) Piperazine (12.9 g) was dissolved in DMF (100 mL), and a solution of 2-fluoronitrobenzene (7.06 g) in DMF 

} W3S f w u r0PWiSe ' 1,16 miXtUre W3S Stirred at room tem Perature for 3 hr. The reaction mixture was 
added to water and the mixture was extracted with ethyl acetate. The extract was washed with water and dried 
The solvent was evaporated to give 1-(2-nitrophenyl)piperazine (7.7 g) as a red oil 

(2) Using the above-mentioned compound (414 mg) and the title compound (601 mg) of Reference Example 12 
and .n thesame manneras in Example 70 (1), 

2-pyrrolidinylcaroonyl}-1 ,3-thiazolidine (690 mg) was obtained as a red oil. Piperaz.ny.j 

(3) Using the above-mentioned compound (690 mg) and in the same manner as in Example 161 (2) the title 
compound (433 mg) was obtained as a yellow powder 

Example 169 

chloride SymheSiS °' 3 ^ (2S " 4S >^ 4 -( 4 - ni * 0 P he ^ trihydro- 

(1) Using the title compound (465 mg) of Reference Example 12 and 1-(4-nit ro phenyl)piperazine (385 mg) and 
in the same manner as in Example 162 (1), 3- { (2S,4S)-1-tert-butoxycamonyl-4-[4-(4-nitrophenyl)-1- P i P erazinyl]- 
^pyrrohdmylcaroonylH ,3-thiazolidine (688 mg) was obtained as a yellow powder: iH-NMR(CDCI,)81 41 (4 SH 
S), 1.46(4.5H,s), 1.79-1. 99(1 H,m), 2.38-2.52(1 H.m), 2.52-2.74(4H m) 2 75-3 22(3Hml 3 25 3 50f5Hn n > 
3.60-4.20(3H,m), 4.36-4.82(3H,m), 6.82(2H,d,J=9.4Hzj, 8.12(2H,d,J=92z) 3.50(5H,m), 

(2) Using the above-mentioned compound (560 mg), and in the same manner as in Example 162 (2) the title 
compound (511 mg) was obtained as a yellow powder 

iH-NMR(DMSO-d 6 )52.23-2.32(1H,m), 2.95-3.1 7(3H,m), 3.57-4.04(1 3H,m), 4.47-4.76(3H m) 715(2Hd 
J=9.3Hz), 8.12(2H,d,J=9.3Hz) > 9.19(1H,brs), 1 0.68(1 H,brs) ; r.] D 24-35(cl.0,H2O) ( ™ 

Example 170 

Ede SyntheSiS ° f3 " {(2S '^^ 

(1) Using the title compound (409 mg) of Reference Example 12 and 1-(4-fluorophenyl)piperazine (300 mg) and 
in the same manner as in Example 1 62 (1 ), 3-{(2 S) 4S)-1 -tert-butoxycarbonyl-4-[4-(4-fluorophenyl)- -piperaz'inyl]- 
2-pyrrolidinylcaroonylM ,3-thiazolidine (404 mg) was obtained as a white solid. P'Peraz.nyij 

(2) Using the above-mentioned compound (402 mg), and in the same manner as in Example 162 (2) the title 
compound (371 mg) was obtained as a white powder. '* 
i^NMR^ 

Example 171 

Kde Synth6SiS ° f 3 -« 2S ' 45 )- 4 -t4-(2-chlorophenyl)-1-piperazinylJ-2 pyrrolidinylcarbonyl}-1 ,3-thiazolidine dihydro- 

(1) Using the title compound (430 mg) of Reference Example 12 and 1-(2-chlorophenyl)piperazine (338 mg) and 
mthe same manner as in Example162(1),3-{(2S,4S)-1-tert-butoxycamonyl-4-[4^ 
2-pyrrol.d.nylcarbonyl}-1 ,3-thiazolidine (687 mg) was obtained as a white powder 

(2) Using the above-mentioned compound (687 mg), and in the sam manner as in Example 162 (2) the title 
compound (531 mg) was obtained as a white powder 

iH-NMR(DMSO-d 5 )82.28-2.38(1H,m),2.97-4.15(16H,m),4.47-4.77(3H,m).7.12(1H.td,J=4.8,1.5Hz),7.21(1H,dd, 
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J=4.8,1.5Hz), 7.35(1 H,td,J=8.1, 1.5Hz), 7.46(1 H,dd,J=8.1,1.5Hz), 9.30(1H r brs). 10.15(1H,brs). 
Exampl 172 

[0288] Synthesis of 3-{(2S,4S)-4-[4-(3-chlorophenyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihydro- 
chloride 

(1) Using the titie compound (476 mg) of Reference Example 12 and 1-(3-chlorophenyl)piperazine (374 mg), and 
in the same manner as in Example 162 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(3-chlorophenyl)-1-piperazinyl]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (495 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (494 mg), and in the same manner as in Example 162 (2), the title 
compound (426 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )62.22-2.32(1H,m), 2.97-4.06(1 6H,m), 4.47-4.76(3H,m), 6.88(1 H,dd,J=8.1 ,1.8Hz), 6.98(1 H, 
dd,J=8.1 ,1.8Hz), 7.07(1 H,d,J=1.8Hz) t 7.27(1H,t,J=8.1Hz), 9.24(2H t brs). 

Example 173 



[0289] Synthesis of 3-{(2S,4S)-4-[4-(4-chlorophenyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hydro- 
chloride 

(1) Using the title compound (473 mg) of Reference Example 12 and 1-(4-chlorophenyl)piperazine (372 mg), and 
in the same manner as in Example 1 62 (1 ), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(4-chlorophenyl)-1-piperazinyl]- 
2-pyrrolidinylcarbonylH ,3-thiazolidine (564 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (554 mg), and in the same manner as in Example 162 (2), the title 
compound (533 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )S2.25-2.35(1 H,m), 2.98-3.94(1 5H,m), 4.04-4.1 0(1 H,m), 4.45-4.75(3H,m) f 7.05(2H,d, 
J=9.0Hz), 7.30(2H,d,J=9.0Hz), 9.19(1 H.brs), 1 0,63(1 H.brs). 

Example 174 

[0290] Synthesis of 3-{(2S,4S)-4-[4-(4-bromophenyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hydro- 
chloride 

(1) Using the title compound (332 mg) of Reference Example 12 and 1-(4-bromophenyl)piperazine (300 mg), and 
in the same manner as in Example 1 62 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(4-bromophenyl)-1 -piperazinyl]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (390 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (388 mg), and in the same manner as in Example 162 (2), the title 
compound (341 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )52.18-2.27(1H,m), 2.95-4.06(1 6H,m), 4.47-4. 74(3H,m), 6.98(2H,d,J=8.8Hz), 7.40 
(2H,d,J=8.8Hz), 9.15(1 H,brs), 1 0.50(1 H.brs). 

Example 175 

[0291] Synthesis of 3-{(2S,4S)-4-[4-(3,4-dicyanophenyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihy- 
drochloride 

(1) Using the title compound (561 mg) of Reference Example 12 and 1-(3,4-dicyanophenyl)piperazine (475 mg), 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(3,4-dicyanophenyl)-1-pip- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (945 mg) was obtained as a pale-yellow powder. 

(2) Using the above-mentioned compound'(935 mg), and in the same manner as in Example 167 (2), the title 
compound (508 mg) was obtained as a pale-yellow powder. 

1 H-NMR(DMSO-d 6 )52.18-2.28(1H,m), 2.93-3.90(1 6H,m), 4.46-4.75(3H,m), 7.41(1H,dd,J=9.0,2.7Hz), 7.72(1H,d, 
J=2.7Hz), 7.90(1 H,d,J=9.0Hz), 9.19(1H,brs), 1 0.63(1 H,brs). 

Example 176 

[0292] Synthesis of 3-{(2S,4S)-4-[4-(3,4-dichlorophenyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hy- 
drochloride 
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Example 177 

I" ST • ae,S2 2 °' 2 30(,H ' m) ' ° S " 6H »>. 6.97„H. S) . 7.07<2H,>. ^„„„ tel , 



1 0.60(1 H,brs). 
Example 178 



KLd S e yntheSiS °' 3 - {(2S ' 4S) - 4 - [4 -<* .3-thiazo.idine dihy- 

Sit'r M 6 '' C ° mP0Und (596 m9) ' and 1+16 same manner as h Example 162 (2) the title 
compound (449 mg) was obtained as a pale-yellow powder. 

^MR(DMSO-d 6) te.29.2.39(1H,m), 3.00-3.18(3H,m), 3.57-4.1 7(1 8H.ni), 4.48-4 78(3H m) 729MHd 
Example 179 

[0295] Synthesis of 3-{(2S,4 S )-4-[4-(2-pyridyl)-1-piperazinyl hW trjhydroch|o . 

SEKrt in° ExTpt ( 162^ JSfST 2K' " ? 1 mL), and in the 

n,ca*ony,H,3-thi^r ( 3S 

cloo^LfrT" 16 "^? 6 ' C ,° mP ° Und (374 m9) ' and in the same manner « ^ Example 162 (2) the title 
compound (466 mg) was obtained as a white powder 

Example 180 

[0296] Synthesis of 3-«2S,4S)-4-r4-(4-^^ { 

(1 ) Using the title compound (601 mg) of Reference Example 12 and 1 -(4-pyridyl)piperazine (326 mat and in th» 
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1 H-NMR(DMSO-d 6 )82.03-2.30(1H,m), 2.79-4.30(1 6H,m), 4.40-4.B0(3H f m), 7.32(2H,d,J=7.5Hz), 8.34(2H,d, 
J=7.2Hz), 9.15(1H,brs), 1 0.80(1 H.brs), 1 4.00(1 H.brs). 

Example 161 

[0297] Synthesis of 3-{(2S,4S)-4-[4-(4-cyano-2«pyridyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 t 3-thiazolldine trihy- 
drochloride 

(1) Using the title compound (494 mg) of Reference Example 12 and 1-(4-cyano-2-pyrldyl)piperazine (371 mg), 
and in the same manner as In Example 154 (1), 3-{(2S l 4S)-1-tert-butoxycarbonyl-4-[4-(4-cyano-2-pyrldyl)-1-plp- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (431 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (424 mg), and in the same manner as in Example 167 (2), the title 
compound (194 mg) was obtained as a pale-yellow powder. 

1 H-NMR(500MHz,DMSO-d 6 )82.32-2.39(1H,m), 3.00-3.1 6(3H,m), 3.25-4.07(1 3H,m), 4.48-4.75(3H,m), 7.10(1H ( 
dd,J=5.1 ,0.8Hz), 7.50(1 H,d,J=0.8Hz), 8.36(1 H,d,J=5.1 Hz), 9.22(1 H.brs), 10.91 (1H,brs). 

Example 182 

[0298] Synthesis of 1-{(2S,4S)-4-[4-(4^yano-2-pyridyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}pyrrolidine ^hydro- 
chloride 

(1) Using the title compound (527 mg) of Reference Example 14 and 1-(4-cyano-2-pyridyl)piperazine (422 mg), 
and in the same manner as in Example 70 (1 ), 1 -{(2S,4S)-1 -tert-butoxycamonyl-4-[4-(4-cyano-2-pyridyl)-1 -piper- 
azinyl]-2-pyrrolidinylcarbonyl}pyrrolidine (502 mg) was obtained as a pale-yellow solid. 

(2) Using the above-mentioned compound (491 mg), and in the same manner as in Example 167 (2), the title 
compound (134 mg) was obtained as a pale-yellow powder. 

1 H-NMR(500MHz,DMSO-d 6 )61.83-1.96(4H,m), 2.25-2.30(1 H,m) f 2.98-3.02(1 H,m), 3.20-3.56(1 0H,m), 3.70-3.72 
(2H,m), 4.04-4.08(1 H,m), 4.30-4.54(2H,m) t 4.50-4.54(1 H,m), 7. 1 0(1 H,dd, J=5.1 ,0.8Hz), 7.50(1 H,d,J=0.8Hz), 8.36 
(1H,d,J=5.1Hz), 9.12(1H,brs), 1 0.73(1 H,brs). 

Example 183 

[0299] Synthesis of 3-{(2S,4S)-4-[4-(5-cyano-2-pyridyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hy- 
drochloride 

(1) Using the title compound (740 mg) of Reference Example 12 and 1-(5-cyano-2-pyridyl)piperazine (516 mg), 
and in the same manner as in Example 154 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-cyano-2-pyridyl)-1-pip- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (772 mg) was obtained as a white powder. 
1 H-NMR(CDCI 3 )61.41(4.5H,s), 1 .46(4.5H,s), 1.86-1 .98(1 H,m), 2.45-2.60(5H,m), 2.83-3.25(3H,m), 3.31 -3.39(1 H, 
m), 3.60-3.79(5H,m), 3.81-3.99(2H,m), 4.40-4.85(3H,m), 6.58(1 H,d,J=9.0Hz), 7.61(1H,dd,J=9.0,2.1Hz), 8.40(1 H, 
d,J=2.1Hz). 

(2) Using the above-mentioned compound (744 mg), and in the same manner as in Example 167 (2), the title 
compound (202 mg) was obtained as a pale-yellow powder. 

1 H-NMR(DMSO-d 6 )52.28-2.39(1 H ,m), 2.97-3. 1 6(3H ,m), 3.35-4.1 0(1 3H ,m), 4.47-4.76(3H,m), 7. 1 1 (1 H,d, 
J=9.3Hz), 7.98(1 H,dd,J=9.3,2.1 Hz), 8.57(1 H,d,J=2.1 Hz), 9.25(1 H,brs), 10.91(1H,brs);[.] D ^-32(c1.0,H 2 O). 

Example 184 

[0300] Synthesis of 3-{(2S,4S)-4-[4-(5-trifluoromethyl-2-pyridyl)-1 -piperazinyl]-2-pyrrolidinylcaroonyl}-1 ,3-thiazolid- 
ine dihydrochloride 

(1) Piperazine (12.9 g) was suspended in N-methyl-2-pyrrolidone (130 mL), and a solution of 2-chloro-5-trifluor- 
omethylpyridine (9.08 g) in N-m ethyl -2-pyrroli done (30 mL) was added dropwise. The mixture was stirred at room 
temperature for 1 8 hr. The reaction mixture was added to water and the mixture was extracted with ethyl acetate. 
The extract was washed with water and dried. The solvent was evaporated under reduced pressure to give 1 -(5-tri- 
fluoromethyl-2-pyridyi)piperazine (11 .5 g) as a white solid. 

(2) Using the above-mentioned compound (462 mg) and the title compound (601 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(5-trifluoromethyl-2-pyridyl)- 
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1-pipera2inylJ-2-pyrrolidinylcarbonyl}-1,3-thia2olidine (379 mg) as an oil 
Example1B5 

Example 186 

SSESE^ * * 

Example 187 
Example 188 

[0304] Synthesis of 3-«2S,4S)-4-(4-(2- q uino W 
.ny.car.onyO-U-thia.oS 

(2) Using the above-mentioned compound (720 mg), and in the same manner as in Example 162 (2), the title 
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compound (560 mg) was obtain d as a whit powder. 

1 H-NMR(DMSO-d 6 )82.20-2.30(1H,m), 2.96-3.1 7(3H,m), 3.64-4.40(1 3H,m) t 4.47-4 .76(3H,m), 7.50(1 H,t,J=7.5Hz), 
7.60(1 H t d,J=9.8Hz), 7.77(1 H,t,J=7.8Hz), 7.93(1 H,d,J=7.5Hz), 8.1 5-8.20(1 H,m), 8.44(1H,d,J=9.6Hz), 9.21(1H, 
brs), 1 0.68(1 H.brs). 

Example 189 

[0305] Synthesis of 3-{(2S,4S)-4-[4-(4-quinolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hydrochlo- 
ride 

(1) Piperazine (13.2 g) was melted by heating at 140°C, and 4-chloroquinoline (2.5 g) was added thereto. The 
mixture was stirred at 140°C for 30 min. The reaction mixture was added to iced water, and the mixture was 
extracted with chloroform to give 1-(4-quinolyl)piperazine (3.45 g) as a pale-yellow oil. 

(2) Using the above-mentioned compound (469 mg) and the title compound (601 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(4-quinolyl)-1-piperazinyl]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (995 mg) was obtained. 

(3rOsirT^th^bove-menti*onecJ compound (995 mg)7and"in the sameTnanner asTn^xanpfeTfte "(2)7the title 
compound (392 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )82.1 6-2.40(1 H,m), 2.70-4.30(1 6H,m), 4.40-4.80(3H,m), 7.37(1 H,d,J=6.9Hz), 7.77(1 H.t, 
J=8.1 Hz), 8.04(1 H f t,J=8.4Hz), 8.21 (1 H,d, J=8.7Hz) 8.85(1 H,d,J=6.9Hz). 

Example 190 

[0306J Synthesis of 3-{(2S > 4S)-4-t4-(1-isoquinolyl)-1-piperazinyi]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hydro- 
chloride 

(1) Using the title compound (606 mg) of Reference Example 12 and 1-(1-isoquinolyl)piperazine (692 mg), and in 
the same manner as in Example 162 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(1-isoquinolyl)-1-piperazinyl]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (216 mg) was obtained as a white solid. 

(2) Using the above-mentioned compound (215 mg), and in the same manner as in Example 162 (2), the title 
compound (99 mg) was obtained as a pale-yellow powder. 

1 H-NMR(500MHz,DMSO-d 6 )S2.25-2.30(1H,m), 3.00-3.1 7(3H,m), 3.59-3.95(12H,m), 4.13-4.18(1 H,m), 4.49-4.77 
(3H,m), 7.59(1 H,d,J=6.1 Hz), 7.71 -7.74(1 H,m), 7.86-7.89(1 H,m), 8.02(1 H,d,J=8.2Hz), 8.08(1 H,d,J=6.1 Hz), 8,21 
(1H,d,J=8.5Hz), 9.25(1 H,brs), 10.89(1 H,brs). 

Example 191 

[0307] Synthesis of 3-{(2S,4S)-4-[4-(2-trifluoromethyl-4-quinolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazoli- 
dine dihydrochloride 

(1) Using the title compound (0.655 g) of Reference Example 12 and 1-(2-trifluoromethyl-4-quinolyl)piperazine 
(0.735 g), and in the same manner as in Example 1 62 (1), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-trifluoromethyl- 
4-quinolyl)-1-piperazinyl]-2-pyrroiidinylcarbony!}-1 ,3-thiazolidine (1.23 g) was obtained as a pale-yellow 
powder: 1 H-NMR(DMSO-d 6 )51.33(4.5H,s), 1.41(4.5H,s), 1 .55-1 .64(1 H,m), 2.60-2.78(5H,m), 2.90-3.1 5(4H,m), 
3.33-3.38(4H,m), 3.67-3.85(3H,m), 4.04-4.69(3H,m), 7.25(1 H,s) ( 7.70(1 H,t,J=8.1 Hz), 7,81-7.87(1 H,m), 8.07(2H, 
d,J=8.4Hz). 

(2) Using the above-mentioned compound (1.23 g), and in the same manner as in Example 162 (2), the title 
compound (1 .06 g) was obtained as a pale-yellow powder. 

1 H-NMR(DMSO-d 6 )52.28-2.38(1H,m), 3.00-3.18(3H,m), 3.48-4.15(13H,m), 4.48-4.78(3H,m), 7.39(1H,s), 7.75 
(1H,t t J=7.5Hz), 7.89(1 H,t,J=7.5Hz), 8.11-8.16(2H,m), 9.23(1H,brs), 1 0.68(1 H ,brs);[.] D 24 -32(c1 .0,H 2 O). 

Example 192 

[0308] Synthesis of 3-{(2S,4S)-4-[4-(2-benzoxazolyl)-1-piperazinylJ-2-pyrrolidinylcartonyl}-1 ,3-thiazolidine trihy 
chloride 

(1) Using 2-chlorobenzoxazole (7.68 g) and piperazine (12.9 g), and in the same manner as in Example 168 (1), 
1-(2-benzoxazolyl)piperazine (2.4 g) was obtained as a white solid. 
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» Example 193 
Example 194 

K yd SS of3 - {(2Si4SW 

(1) Using 5-chlorobenzofurazan (0.500 g) and piDerazine 7Q n\ fln n r„ 

compound (409 mg) m ,J, ^t2*o " " B """ P " 186 (2 >' lh * « te 

Example 195 

Example 196 

(D Homopiperazine (15.0 g, was disso.ved in N- m ethy,- 2 -p yrr o,i d ine (50 mL ), and 4-fluoronitrobenzene (7.06 g, 



72 



EP 1 308 439 A1 



was added thereto. The mixture was stirred at room temperature for 30 min. Th reaction mixtur was added to 
Iced water, and the precipitate was collected by filtration to give N-(4-nitrophenyl)-1 ,4-dlazepam (1 0.9 g) as a yellow 
powder. 

(2) Using the above-mentioned compound (443 mg) and the title compound (601 mg) of Reference- Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert.butoxycarbonyl-4-[4-(4-nitrophenyl)-1,4-di- 
azepam-1 -yl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (429 mg) was obtained as a yellow powder. 

(3) Using the above-mentioned compound (398 mg), and in the same manner as in Example 161 (2), the title 
compound (118 mg) was obtained as a yellow powder. 

1 H-NMR(DMSO-d 6 )5l.80-2.60(3H,m), 2.70-4.20(12H,m) p 4.38-4.78(3H,m), 6.89(2H,d,J=9.3Hz), 8.09(2H d 
J=9-3Hz). 

Example 197 

[031 3] Synthesis of 3-{(2S,4S)-4-[4-(2-trif luoromethyl-4-quinolyl)-1 ,4-diazepam-1 -yl]-2-pyrrolidinylcarbonyl}-1 ,3-thi- 
azolidine trihydrochloride 



(1) Using 4-chloro-2-trifluoromethylquinoline (5.00 g) and homopiperazine (20.7 g), and by reaction in the same 
manner as in Example 196 (1) at60°C, N-(2-trifluoromethyI-4-quinoiyl)-1,4-diazepam (6.11 g) was obtained as a. 
yellow solid. 

(2) Using the above-mentioned compound (0.83 g) and the title compound (0.703 g) of Reference Example 12, 
and in the same manner as in Example 70 (1 ),3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-trifluoromethyl-4-quinolyl)- 
1 ,4-diazepam-1 -yl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .35 g) was obtained as a white powder. 

(3) Using the above-mentioned compound (1.35 g), and in the same manner as in Example 133 (2), the title 
compound (1 .21 g) was obtained as a pale-yellow powder. 

1 H-NMR(500MHz,DMSO-d 6 )52.19-2.49(3H,m), 2.96-3.1 9(3H,m), 3.30-4.28(13H,m), 4.48-4.76(3H,m), 7.17(1H, 
s), 7,67(1 H,t,J=7.6Hz), 7.83(1 H,t,J=7.6Hz), 8.05-8. 10(2H,m), 9.14(1 H.brs), 10.91 (1H,brs), 12.51(1H,brs) 

Example 198 

[0314] Synthesis of 3-{(2S,4S)-4-[4-(2- hydroxy ethyl) -1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihydro- 
chloride 

(1) Using 1-piperazineethanol (147 mg) and the title compound (307 mg) of Reference Example 12, and in the 
same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2-hydroxyethyl)-1-piperazinyl]-2-pyr- 
rolidinylcarbonylJ-1 ,3-thiazolidine (354 mg) was obtained as an oil. 

(2) Using the above-mentioned compound (350 mg), and in the same manner as in Example 132 (2), deprotection 
was conducted. The solvent was evaporated under reduced pressure, and the residue was dissolved in ethyl 
acetate (5 ml_). 4 mol/L Hydrochloric acid-ethyl acetate (1 .0 mL) was added thereto, and the precipitated solid was 
collected by filtration to give the title compound (158 mg) as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )51 .91 (1 H,m), 2.78-3.93(20H,m), 4.46-4.74(3H,m), 8.97(1 H.brs), 10.80(1 H.brs) 11 .97 
(1H,brs). 

Example 199 

[0315] Synthesis of 3-[(2S,4S)-4-(4-pivaloyl-1 -piperazinyl)-2-< pyrrolidinylcarbonyl]-1 ,3-thiazolidine dihydrochloride 

(1) Using N-benzyloxycarbonyl-L-trans-4-hydroxyproline (25.0 g), and in the same manner as in Reference Ex- 
amples 9 and 12, 3-((2S)-1-benzyloxycarbonyl-4-oxo-2-pyrrolidinylcarbonyl)-1,3-thiazolidine (10.9 g) was ob- 
tained as white crystals. 

(2) Using the above-mentioned compound (4.05 g) and 1 -tert-butoxycarbonylpiperazine (2.48 g), and in the same 
manner as in Example 70 (1), 3-[(2S,4S)-1-benzyloxycarbonyl-4-(4-tert-butoxycarbonyl-1-piperazinyl)-2-pyrrolid- 
inylcarbonyl)]-1 ,3-thiazolidine (4.64 g) was obtained as a white powder. 

(3) The above-mentioned compound (4.04 g) was deprotected In the same manner as in Example 132 (2). The 
solvent was evaporated under reduced pressure, and saturated aqueous sodium hydro gencarbon ate solution was 
added to the residue. The mixture was extracted with chloroform, and the extract was dried and concentrated 
under reduced pressure to give 3-[(2S,4S)-1 -benzyloxycarbonyl-4-(1-piperazinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thia- 
zolidine (3. 1 0 g) as a white powder. 

(4) The above-mentioned compound (405 mg) and triethylamine (170 u,L) were dissolved in chloroform (4 mL), 
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was concentrated under reduced presste !^SSSST^^^ M ^ M ^^ tMn 
2-pyrrolidiny.ca^^ 

id^d^^ ? «* - thioanisce (0.6 mL, was 

rnixture, and the P^Z^^^^J^^^ added to the reictlon 
chloride with 4 mol/L hydrochloric acid Athwi JJ .! ^ y HPLC> Thls was converted to hydro- 

■H-N M R(500MHz.DMSO™ " 20^H s) 2 SSSXhS SZT* ^ °* * "** P""* 

1 0.73(1 H.brs). e;oi.^(9H lS , 1 2.12-2.33(1H,m), 2.85-4.05(1 6H,rn), 4.48-4.73(3H,m), 9.08(1H,brs), 



Example 200 



chlortje Synthests 0,3 'I( 2S ' 4s H - ( 4 -">e«»)(ycart»nvl-1 -piperazinyl^^jynolldinylcaibonyll-l frtttoaotkMin dihydro- 

^^^^^^^^^^^^^ 

■ M in - ssm « — ' * * E »™ « <=>• - » 

;SSr H2 ' DMS °- < W 52 ' 3 - 2 «' 1 "-). 3,3<3H, S) , 4.^.74,3H. m) , H, 6re) , 

Example 201 

Example 202 

Ktssrstz^s - ,n ,he -~ mL " - k - * - - 

rr^ss 1 7o - 4 ~ 5 "<-">' — (6 „. 

Example 203 

i^nt^^ 

J. U^,4b, ^nzyloxycafbonyl-4-(4-cyclohexylaminocarbonyl-1-piperazinyl)-2-pyrrolidi- 
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nylcarbonyl]-1 ,3-thiazolidine (296 mg) was obtained as a white solid. 

(2) Using the abov -mentioned compound (296 mg), and in the same manner as in Example 199 (5), the title 
compound (85 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d e )81.00-1.29(5H,m) i 1.53-1 .80(5H,m), 2.12-2.32(1 H.m), 2.80-4.20(1 7H,m), 4.47-473 
(3H,m), 6.48(1H,brs), 9.09(1H,brs), 10.65(1 H,brs), 12.1 8(1 H.brs). 

Example 204 

[0320] Synthesis of 3-{(2S l 4S)-4-[4-(2 l 6-dimethylphenyl)aminocaitonyl-1-pipera2inyl]-2-pyrrolidinylcarbonyl}- 
1 ,3-thia2olidine dihydrochloride 

(1) Using the product (405 mg) of Example 199 (3) and 2,6-dimethylphenyl isocyanate (142 ul), and in the same 
manner as in Example 199 (4), 3-{(2S f 4S)-1-benzyloxycarbonyl-4-[4-(2,6-dimethylphenyl)aminocarbonyl-1-piper- 
azinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (517 mg) was obtained as a white powder. 

(2) Using the above-mentioned compound (503 mg), and in the same manner as in Example 199 (5), the title 
co mpound (166 mg) was o btained as a white powder. 

iH-NMR(500MHz,DMSO-d 6 ),62.15(6H,s) r 2.09-2.29(1 H,m), 2.85-4.20(1 6H ( m), 4.48-4.73(3H,m), 7.04(3H~m)~ 
8.16(1H,s), 9.07(1H,brs), 10.61 (1 H,brs). 

Example 205 

[0321] Synthesis of 3-{(2S,4S)^-[4-(8-quinolinesulfonyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 l 34hiazolidinetrihy- 
drochloride 

(1) 1-tert-Butoxycarbonytpiperazine (2.22 g) and triethylamine (2.0 mL) were dissolved in dichloromethane (100 
mL), and 8-quinolinesulfonyl chloride (2.71 g) was added thereto. The mixture was stirred at room temperature for 
14 hr. 10% citric acid solution was added to the reaction mixture and the mixture was extracted with chloroform. 
The extract was washed with brine, dried and concentrated under reduced pressure. The residue was dissolved 
in dichloromethane (20 mL), and trifluoroacetic acid (5 mL) was added thereto. The mixture was stirred at room 
temperature for 1 .5 hr. The reaction mixture was concentrated under reduced pressure, and saturated aqueous 
sodium hydrogencarbonate solution was added to the residue. The mixture was extracted with chloroform, and 
the extract was dried and concentrated under reduced pressure to give 1-(8-quinolinesulfonyl)piperazine (0.73 g) 
as a white solid. 

(2) Using the above-mentioned compound (0.725 g) and the title compound (0.714 g) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S t 4S)-1-tert-butoxycarbonyl-4-[4-(8-quinolinesulfonyl)-1-pip- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .34 g) was obtained as a white powder. 

(3) Using the above-mentioned compound (1.34 g), and in the same manner as in Example 133 (2), the title 
compound (0.56 g) was obtained as a pale-yellow powder. 

1 H-NMR(500MHz,DMSO-d 6 )52.01 -2.21 (1 H,m), 2.80-3.95(1 6H,m), 4.43-4.72(3H,m), 7.74(1 H,dd,J=8.3,4.2Hz), 
7.79(1 H t t,J=7.9Hz), 8.35-8.40(2H,m), 8.58(1 H,dd ( J=8.3,1 .7Hz), 9.00(1 H,brs), 9.06(1 H,dd,J=4.2,1.7Hz), 10.60 
(1H,brs). 

Example 206 

[0322] Synthesis of 3-{(2S,4S)-4-[4-(1 -ethoxycarbonyl-4-piperidinyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thia- 
zolidine tetrahydrochloride 

(1) Using 1 -(9-fluorenylmethoxycarbonyl)piperazine (1 .47 g) and the title compound (1 .30 g) of Reference Example 
12, and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(9-fluorenylmethoxycarb- 
onyl)-1 -piperazinyl)-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .68 g) was obtained as a white powder. 

(2) The above-mentioned compound (1 .68 g) was dissolved in dichloromethane (30 mL), and piperidine (1.5 mL) 
was added thereto at room temperature. The mixture was stirred for 4 hr. The solvent was evaporated under 
reduced pressure, and the residue was purified by silica gel chromatography to give 3-[(2S,4S)-1 -tert-butoxycar- 
bonyl-4-(1 -piperazinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (206 mg) as a white solid. 

(3) Using the above-mentioned compound (202 mg) and 1-ethoxycarbonyl-4-piperidone (90 uJ_), and in the same 
manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(1-ethoxycarbonyl-4-piperidinyl)-1-piperazi- 
nyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 68 mg) was obtained as a white powder. 

(4) Using the above-mentioned compound (168 mg), and in the same manner as in Example 133 (2), the title 
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compound (113 mg) was obtained as a white powder 
Exampl 207 

So S, """ S ' 5 °' * ,2S ' 4n) *< 4 <^^ aMro . 

4-nitroaniline (1.27 g) and N N-diisooroovlethvlaminJ /< If 1 andN ' N - b,s < 2 -K me %'sulfonyl)oxy]ethyl}- 
80»C for 24 h! with heating The EKXStL^ 3? T " theret °- The miXtUre Was sti ™ d at 

extracted with chloroform and the exJ art SSSSTu ad *" t0 the r6SidUe - The mixture wa * 

silica gel chromatography to Z SbaL Z7T!l1Tn, 71,8 residue was P urified *V 

mL). and 4 mol/L hydrih^S Jhl^ W3S diSSolved in £ 

3.20-4.30(13H,m), 4.40-,0 7 <3H,m), 
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cipitated solid was collected by filtration to give the title compound (1 .00 g) as a white powder. 
1 H-NMR{DMSO-d 6 )52.26-2.40(1H,m), 2.93-3.1 8(3H,m), 3.2-4.8(1 6H,m), 7.09(1 H,dd,J=7.7 ( 4.8), 8.19(1H,dd, 
J=7.7,1.9), B.49(1H,dd,J=4.8,1.9), 9.1 6(1H,brs), 11 .02(1 H,brs), 12.7(1H,brs). 

s Exampl 210 

[0326] Synthesis of 3-{(2S l 4S)-4-[4-(3-chloro-2-pyridy1)-1 -piperaziny!]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihy- 
drochloride 

io (1) Piperazine (20.0 g) was melted by heating at 140°C and 2,3-dichloropyridine (3.42 g) was added thereto. The 

mixture was stirred at 1 20°C for 2 nr. Water was added to the reaction mixture and the mixture was extracted with 
chloroform. The extract was washed with brine, dried and concentrated under reduced pressure to give 1 -(3-chloro- 
2-pyridyl)piperazine (4.68 g) as a dark-brown oil. 

(2) Using the above-mentioned compound (0.712 g) and the title compound (0.901 g) of Reference Example 12, 
15 and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(3-chloro-2-pyridyl)-1 -piper- 
— azinylJ^pyrrolidinylcaroonylKt^ 

1H-NMR(CDCI 3 )81 .41(4.5H,s), 1 .46(4.5H,s), 1 .84-1. 99(1 H,m), 2.40-2.51(1 H,m), 2.53-2.73(4H,m), 2.79-3.18(3H, 

m), 3.28-3.45(5H,m), 3.58-4.12(3H,m), 4.38-4.78(3H,m), 6.84(1 H,dd,J=7.7,4.7Hz), 7.58(1 H,dd,J=7.7,1 .5Hz), 8.18 

(1H,dd,J=4.7,1.5Hz). 

20 (3) The above-mentioned compound (1 .40 g) was dissolved in ethanol (4 ml_), and 4.1 mol/L hydrochloric acid- 

ethanol (4 mL) was added thereto. The mixture was stirred at room temperature for 14 hr. The precipitated solid 
was collected by filtration to give the title compound (1 .14 g) as a white powder 

1 H-NMR(DMSO-d 6 )82.30-2.43(1H,m), 2.95-3. 18(3H,m), 3.2-4.2(13H,m), 4.45-4.80(3H,m), 7.12(1H,dd, 
J=7.8,4.7Hz), 7.89(1 H,dd,J=7.8,1.5Hz), 8.28(1 H,dd,J=4.7,1 .5Hz), 9.16(1H,brs), 10.96(1 H,brs) 1 2.55(1 H.brs). 

25 

Example 211 

[0327] Synthesis of 3-{(2S,4S)-4-[4-(5-ethoxycarbonyl-2-pyridyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazoli- 
dine trihydrochloride 

30 

(1) Ethyl 6-chloronicotinate (1 .12 g) was dissolved in DMF (30 mL), and 1 -tert-butoxycarbonylpiperazine (1.24 g) 
and potassium carbonate (1 .00 g) were added thereto. The mixture was stirred at 80°C for 1 8 hr. Water (1 00 mL) 
was added to the reaction mixture and the mixture was extracted with ethyl acetate. The extract was washed 
successively with saturated aqueous sodium hydrogencarbonate solution and brine and dried. The solvent was 

35 evaporated under reduced pressure. The residue was dissolved in dichloromethane (10 mL), and trifluoroacetic 

acid (5 mL) was added thereto at room temperature. The mixture was stirred for 2 hr and the reaction mixture was 
concentrated under reduced pressure. Water (50 mL) was added to the residue, and the mixture was washed with 
diethyl ether. The aqueous layer was basified with aqueous sodium hydrogen carbonate solution. The mixture was 
extracted with chloroform. The extract was dried and the mixture was concentrated under reduced pressure to 

40 give 1 -(5-ethoxycarbonyl-2-pyridyl)piperazine (1 .1 7 g) as an oil. 

(2) Using the above-mentioned compound (1 .1 7 g) and the title compound (1 .47 g) of Reference Example 1 2, and 
in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycaroonyl-4-[4-(5-ethoxycarbonyl-2-pyridyl)- 
1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (2.07 g) as a white solid. 

(3) Using the above-mentioned compound (1.06 g), and in the same manner as In Example 133 (2), the title 
45 compound (1 .06 g) was obtained as a white powder. 

1 H-NMR(500MHz,Dlv1SO-d 6 )81.30(3H,t,J=7.1Hz), 2.23-2.43(1 H.m), 2.92-4.90(1 9H,m), 4.28(2H,q,J=7.1Hz) ( 7.05 
(1H,d,J=9.1Hz), 8.04(1 H,dd,J=9.1, 2.3Hz), 8.69(1 H,d,J=2.3Hz), 9.13(1 H.brs), 10.91 (1H,brs), 12.58(1 H.brs). 

Example 212 

50 

[0328] Synthesis of 3-{(2S > 4S)-4-t4-(5-carboxy-2-pyridyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine tri- 
hydrochloride 

[0329] 6 mol/L Hydrochloric acid was added to 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(5-ethoxycarbonyl-2-pyridyl)- 
1 -piperazinyl]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine trihydrochloride [product of Example 21 1 (2), 1 .00 g] and the mix- 
55 ture was refluxed for 2 hr. The solvent was evaporated under reduced pressure, and the residue was purified by HPLC. 
This was converted to hydrochloride with 4 mol/L hydrochloric acid-1 ,4-dioxane to give the title compound (158 mg) 
as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )82.21 -2.41 (1 H, m), 2.90-4.90(1 9H,m), 7.04(1 H,d,J=9.0Hz), 8.03(1 H,dd,J=9.0,2.2Hz), 
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8.67(1H ( d l J=2,2H2),9.12(1H,brs), 1 0.80(1 H.brs), 12.50(1 H.brs). 
Exampl 213 



compound (332 mg) was obtained as a white powder ma " ner 38 Examp,e 133 < 2 >' the title 



Example 214 

So= 3 n/onde yn,heSlS °' 3 -« 2S ' 4R )- 4 -^^ano- 2 . pyri d y , ) , P.pera^ny^^^ ^ 
^Wony.^^^ 

(2) The above-mentioned compound^ 10o andTSJl?, J T"*" 8 (2 ° 3 9) 38 a P ale -b™n solid. 
thyl-2-pyrro.idone (20 mL), andW TJSi * SKSSnSl!^"? " 8 ? "~ ^ 
and the mixture was extracted with ethyl acetate The ^ , reaCt ' 0n m,XtUre Was added to w ater 
residue waspunfied by coiumnchromato^ T' 7"" and the 

(3) Theabove-memioned Mm pound( 

acid-ethy. acetate (40 mL) wa added ZS Z mZrtT, ^ 



Example 215 



(1) Piperazine (40 g) was melted by heatinq at 140°C and ? i ri,^hi„, c . ■„ 

thereto. The mixture was stirred at W ^for 2 hr Water w^^ (1 ° 9> was addad 

extracted with chloroform. The extract was washed wthbZ 22? h " and the mixture was 

a -rr;r n :^ 

2-pyridy ( )-l- P i P eraziny.].2-pyrrolidinyE^ 

'H-NMR(CDCy«1 ,41(4.5H,s), 1 46M 5H 83 i S '?i » o 9) 88 38 8 White solid - 

m), 3.33(1H,t,J 3 =10.1H3.47:4 3(7H m) 4 W^^l^S^? 0 "^ ^^^^IW 
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was collected by filtration to giv the titl compound (1 .20 g) as a white powder. 

1 H-NMR(DMSO-d 6 )62.30-2.47(1H,m), 2.92-4.2(1 6H,m), 4.45-4.78(3H,m), 8.31 (1H,d,J=1. 9Hz), 8.63(1 H,d, 
J=1.9Hz), 9.15(1 H.brs), 1 0.77(1 H.brs), 12.6(1H,brs). 

5 Example 216 

[0333] Synthesis of 3-{(2S,4S)-4-[4-(3<hloro-5-ethoxycaroonyl-2-pyri^ 
1 ,3-thiazolldine trihydrochloride 

10 (1) 5,6-Dichloronicotinic acid (4.90 g) was dissolved in ethanol (40 mL), and thionyl chloride (2.0 ml_) was added 

thereto under ice-cooling. The mixture was refluxed for 1 .5 hr. The reaction mixture was concentrated under re- 
duced pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture 
was extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure. 
The residue was purified by silica gel chromatography to give ethyl 5,6-dichloronicotinate (4.85 g) as a white solid. 
'5 (2) Piperazine (1 9.0 g) was melted by heating at 140°C and the 'above-mentioned compound (4.80 g) was added 

thereto. -The.mixture.was.stirred.at-1 20°C.f or-2-hr.-Water-was-added-to-the-reaction.mixture and-the.mixture was 

extracted with chloroform. The extract was washed with brine, dried and concentrated under reduced pressure to 
give 1-(3-chloro-5-ethoxycarbonyl-2-pyridyl)piperazine (5.64 g) as a dark brown solid. 

(3) Using the above-mentioned compound (5.12 g) and the title compound (4.75 g) of Reference Example 12, and 
20 jn the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(3-chloro-5-ethoxycarbonyl-2-py- 

ridyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (7.53 g) was obtained as a white solid. 
iH-NMR(CDCI 3 )61.38(3H,t,J=7.1Hz), 1.41(4.5H,s), 1 .46(4.5H,s), 1 .83-1 .98(1 H,m), 2.38-2.50(1 H,m), 2.53-2.73 
(4H,m), 2.78-3.20(3H,m), 3.33(1 H,t,J=1 0.3Hz), 3.45-4.1 3(7H,m), 4.36(2H,q,J=7.1Hz), 4.32-4,78(3H,m) l 8.11(1H, 
d,J=1.8Hz), 8.74(1 H r d,J=1.8Hz). 
25 (4) The above-mentioned compound (1 .00 g) was dissolved in dichloroethane (10 mL) and trifluoroacetic acid (5 

mL) was added thereto. The mixture was stirred at room temperature for 3 hr. The reaction mixture was concen- 
trated under reduced pressure, and the residue was dissolved in ethyl acetate (1 0 mL). 4 mol/L Hydrochloric acid- 
ethyl acetate (2.25 mL) was added thereto, and the mixture was stirred at room temperature for 1 hr. The precip- 
itated solid was collected by filtration to give the title compound (0.82 g) as a white powder. 
30 lH-NMR(DMSO-d 6 )51.32(3H,t,J=7.1Hz), 2.26-2.40(1 H.m), 2.93-3.1 8(3H,m), 3.25-4.1 5(1 3H,m), 4.32(2H,q, 

J=7.1 Hz), 4.4-4.78(3H,m), 8.19(1 H,d,J=2.0Hz), 8.73(1 H,d,J=2.0Hz), 9.16(1 H,brs), 1 0.78(1 H,brs), 12.5(1 H.brs). 

Example 217 

35 [0334] Synthesis of 3-{(2S,4S)-4-[4-(5-carboxy-3-chloro-2-pyridyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazo- 
lidine trihydrochloride 

(1 ) 3-{(2S,4S)-1 -tert-Butoxycarbonyl-4-[4-(3-chloro-5-ethoxycarbonyl-2-pyridyl)-1 -piperazinyl]-2-pyrrolidinylcarb- 
onyl}-1 ,3-thiazolidine [product of Example 21 6 (3), 6.49 g] was dissolved in ethanol (30 mL), and aqueous solution 
(30 mL) of lithium hydroxide (0.59 g) was added thereto. The mixture was stirred at room temperature for 19 hr 
and ethanol was evaporated under reduced pressure. The concentrate was washed with ethyl acetate, and 1 mol/ 
L hydrochloric acid was added thereto. The precipitated solid was collected by filtration to give 3-{(2S,4S)-1-tert- 
butoxycarbonyl-4-[4-(5-carboxy-3-chloro-2-pyrldyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (2.64 g) 
as a white solid. 

45 lH-NMR(DMSO-d 6 )51.33(4.5H,s), 1.41(4.5H,s), 1 .97-2.1 5(1 H,m), 2.77-2.87(1 H,m 2.95-4.25(1 5H,m), 4.40-4.76 

(3H,m),8.16(1H,d,J=2.0Hz), 8.71(1H,d,J=2.0Hz), 11 .40(1H,brs). 

(2) Using the above-mentioned compound (500 mg), and in the same manner as in Example 216 (4), the title 
compound (437 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )62.27-2.42(1H,m), 2.94-3.1 8(3H,m), 3.2-4.8(16H,m), 8.17(1 H,d,J=2.0Hz), 8.71 (1H,d, 
so J=2.0Hz), 9.16(1H,brs), 1 0.95(1 H.brs), 1 2.60(1 H.brs) 

Example 218 

[0335] Synthesis of 3-{(2S,4S)-4-[4-(5-carbamoyl-3-chloro-2-pyridyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thia- 
55 zolidine trihydrochloride 

(1 ) 3-{(2S,4S)-1 -tert-Butoxycarbonyl-4-[4-(5-carboxy-3-chloro-2-pyridyl)-1 -ptperazinyl]-2«pyrrolidinylcarbonyl}- 
1 ,3-thiazolidine [product of Example 217(1), 2.63 g] and ammonium chloride (0.54 g) were dissolved in DMF (30 
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Z ef TH^to * ? "J 1 - 1 mL) ' H0BT (1 53 9) and EDC h y droc hloride (1.15g) wer successively added 
thereto. The mixture was stirred at room temperaturefor4 hr. Th reaction mixture was cone ntrated under reducd 
pressure and saturated aqueous sodium hydrogencarbonate solution was added to the residue Te mte was 
extracted with ethyl acetate. The extract washed with brine and dried. The solvent was evaporat JunESE! 
pressure to g,ve3Hp W 

inylcarbonylJ-1 ,3-thiazolidine (2.50 g) as a white solid. P'peraz.nyij ' pyrroiid 

'H-NMR(CDCI 3 )61.41(4.5H,s). 1.45<4.5H,s), 1.84-1 ,98(1H,m), 2.39-2.52(1 H,m) 2 53-2 73(4H m) 2 78 3 18/3H 

Tse^s^r" 3 - 45 " 4 • i3(7H,m) - 4 - 3<M - 78(3H ' m) - 5B7 ^' ™^^1^3X 

tfhuol T^lZT^TT^ 3 ^ WM * Me(i ethan °' < 2 mL >" and 41 ™ VL ^chloric acid- 
-Example_219 



fneXlf^ 

1,3-th,azol.d.ne [product of Example 218(1), 1000 mg] and imidazole (195 mg) were dissLd in pyridine (3 
and phosphorus oxychloride (0.35 mL) was added thereto under ice-cooling. The mixture *™2Z at room 
emperature for 1 3 hr and saturated aqueous sodium hydrogencarbonate solution was 

4-[4.(3-chloro-5^ano-2.2- P yndyl)-1-p,p e razinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (628 mg) as a white sol- 

! H ;n^ ( ? D , C ' 3)51 - 41(4 - 6H,S) ' 145 ( 4 - 5H . S ). 1B3-1.98(1H,m), 2.38-2.70(5H,m), 2.80-3.20(3H m) 3 33(1Ht 
J=10.0Hz), 3.53-4.13(7H,m), 4.37-4.82(3H,m), 7.73(1 H,d,J=1.9Hz), 8.37(1H,d,J=1 9Hz) ( 

il T l 6 h a . b0Ve ;T e M 0 c ne f, COrTlPOUnd (622 m9) W3S disSOlved in etn y' acetate < 15 mL >. 4 mol/L hydrochloric 
acid-ethyl acetate (1 .5 mL) was added thereto. The mixture was stirred at room temperature for 1 4 hr The reaction 
mccture was concentrated under reduced pressure, and saturated aqueous sodium hydrogencarbonate S on 
was added to the residue. The mixture was extracted with chloroform. The extract was dried and concertSeS 
under reduced pressure. The residue was purified by silica gel chromatography to give a white s^d Th was 

mSurewIs 2LT <6 t 4 m0Vl hydroCh ' 0riC aC6tate ( ° 9 mL > WaS added *~ " 

447 - 478(3H ' m) ' HA""* B.S9(1H.d, 

Example 220 

(1) Piperazine (24 0 g) was melted by heating at 140°C and 2,3,5-trichloropyridine (5.00 g) was added thereto 

H s IT, *T ^ T hed ^ brin6 ' dHed and "nder reduced pressure to gfce 

1 -(3,5-dichloro-2-pyndyl)piperazine (6.43 g) as a brown solid. a 

(2) Using the above-mentioned compound (0.832 g) and the title compound (0.901 g) of Reference Example 12 
and in the isame manner as in Example 70(1), 3-{(2S.4S)-1 -tert-butoxycarbonyl-4-[4-(3,5-dichloro-2- P yridyl) 1-pip^ 
eraz,nyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .35 g) was obtained as a white solid W 
1H-NMR(CDCI 3 )81.41(4.5H,S), 1 .46(4.5H,s), 1.82-1. 98(1 H.m), 2.38-2.50(1 H,m). 2.53-2 73{4H m) 2 78-3 22f3H 
m ,£28-3.44(5H,m), 3.62-4.14(3H,m), 4.38-4.80(3H,m), 7.59(1 H.d,J=2.2Hzi, 8.12(1H d.jSsS 

♦J ■ a o b ° ve ; menti0ned impound (1 .34 g) was dissolved in ethanol (3.5 mL), and 4.1 mol/L hydrochloric acid- 

was a co uEL"? ir t add f ther6t °- ^ miXtUrS WaS Stirr6d at r ° 0m ,6m P era,ure for 15 *■ Sated 5, 
was collected by filtration to give the title compound (1 .1 0 g) as a white powder. 
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1 H-NMR(DMSO-d 6 )82.20-2.38(1H,m) l 2.90-4.15(16H,m), 4.46-4.78(3H,m), 8.15(1 H,d,J=2.3Hz), 8.73(1 H,d, 
J=2.3Hz) ) 9.13(1H,brs) l 1 0.84(1 H,brs), 12.55(1 H.brs). 

Example 221 

5 

[0338] Synthesis of 3-{(2S,4S)-4-[4-(3,5-dichloro-4-pyridy^^ 
hydrochloride 

(1) Using 1-(3,5-dichloro-4-pyridyl)piperazine (0.766 g) and the title compound (0.901 g) of Reference Example 
10 12, and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(3,5-dichloro-4-pyridyl)- 

1-piperazinyl]-2-pyrrolidinylcarbonyl}-1,3-thiazolidine (1.53 g) was obtained as a white solid. 

1H-NMR(CDCI 3 )51 .41 (4.5H,s), 1 .46(4.5H,s), 1 .82-1 .98(1 H,m), 2.40-2.52(1 H,m), 2.55-2.72(4H,m), 2.83-3.21 (3H, 

m), 3.28-3.45(5H,m), 3.62-4.1 ,4(3H,m), 4.38-4.81 (3H,m), 8.33(2H,s). 

(2) The above-mentioned compound (1 .53 g) was dissolved in ethyl acetate (7.5 mt_), and 4 mol/L hydrochloric 
15 acid-ethyl acetate (7.5 mL) was added thereto. The mixture was stirred at room temperature for 13 hr. The pre- 
cipitated solid-was collected-by filtrationto givethe title compound^ .64g)-as-a-whitepowder. 

1 H-NMR(DMSO-d 6 )52.27-2.43(1H,m), 2.95-4.2(16H,m), 4.45-4.78(3H,m), 8.52(2H,s), 9.14(1H,brs), 10.97(1H, 
brs), 12.6(1 H.brs). 

20 Example 222 

[0339] Synthesis of 3-{(2S ,4S)-4-[4-(3-m ethyl -1 -phenyl-5-pyrazolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thia- 
zolidine trihydrochloride 

25 (1) 1 -tert-Butoxycarbonylpiperazine (5.02 g) was dissolved in DMF (90 mL), and diketene (2.50 mL) was added 

thereto at room temperature. The mixture was stirred for 1 .5 hr and the solvent was evaporated under reduced 
pressure. Water was added to the residue, and the mixture was extracted with ethyl acetate. The extract was 
washed with brine and dried. The solvent was evaporated under reduced pressure to give 1 -acetoacetyl-4-tert- 
butoxycarbonylpiperazine (6.26 g) as a pale-brown powder. 

so (2) The above-mentioned compound (6.24 g) was dissolved in ethanol (500 mL), and phenyl hydrazine (2.27 mL) 

and methanesulfonic acid (350 ul) were added at room temperature. The mixture was stirred for 1 4 hr and pyridine 
(6 mL) was added to the reaction mixture. The solvent was evaporated under reduced pressure and the residue 
was dissolved in pyridine (250 mL). Phosphorus oxychloride (5.0 mL) was added thereto at room temperature and 
the mixture was stirred for 20 hr. The solvent was evaporated under reduced pressure, the residue was acidified 

35 with dilute hydrochloric acid to pH 3. The mixture was extracted with ethyl acetate. The extract was washed suc- 

cessively with saturated aqueous sodium hydrogencarbonate solution and brine and dried. The solvent was evap- 
orated under reduced pressure and the residue was purified by silica gel chromatography to give 1-tert-butoxy- 
carbonyl-4-(3-methyM-phenyl-5-pyrazolyl)piperazine (935 mg) as an oil. 

(3) The above-mentioned compound (935 mg) was dissolved in dichloromethane (1 0 mL), and trif luoroacetic acid 
40 (5 mL) was added thereto at room temperature. The mixture was stirred for 1 .5 hr. The solvent was evaporated 

under reduced pressure, and water (50 mL) was added to the residue. The mixture was washed with diethyl ether. 

The aqueous layer was basif ied with aqueous sodium hydrogen carbonate solution, and the mixture was extracted 

with chloroform. The extract was dried, and evaporated under reduced pressure to give 1 -(3-methyM -phenyl- 

5-pyrazolyl)piperazine (584 mg) as a brown powder. 
45 (4) Using the above-mentioned compound (584 mg) and the title compound (604 mg) of Reference Example 1 2, 

and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(3-methyl-1-phenyl-5-pyra- 

zolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (846 mg) was obtained as a pale-yellow powder. 

(5) Using the above-mentioned compound (844 mg), and in the same manner as in Example 133 (2), the title 

compound (751 mg) was obtained as a white solid. 
so 1 H-NMR(500MHz,DMSO-d 6 )52.17(3H l s), 2.1 8-2.38(1 H,m), 2.90-4.10(1 6H,m), 4.46«4.74(3H,m), 5.93(1H,s) 7.31 

(1H,m), 7.47(2H,m), 7.79(2H,m), 9.09(1 H.brs), 10.91(1H,brs), 12.40(1 H.brs). 

Example 223 

55 [0340] Synthesis of 3-{(2S,4S)-4-[4-(1-tert-butyl-3-methy^ ,3-thi- 
azolidine trihydrochloride 

(1) 1-Acetoacetyl-4-tert-butoxycarbonylpiperazine [product of Example 222 (1), 3.92 g] was dissolved in ethanol 
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KS2£SR^ — " dO * we, added thereto at 

centrated under reduc d pressure ThT^ e ^'^T^ ^^ n ^^^^ wascor >- 
(3.0 mL) was added .hereto at (2 °° mL) ' ^ Ph ° Sph ° ruS ox y chloride 

concentrated under reduced presweTe^ZZ ^ "SO"* ** 24 hR The reaC,i ° n mixture was 
was extracted wrth ethyl acetate. T^eeZZTZLZ^LT ^f^™"' 0 ™ «" to pH 3. The mixture 
carbonate solution and brine and drt^JS^^SS^ TT aqU6 ° US ^ hydr <* e "- 

"W^ipe,*^^^ 

(4) Using the above-mentioned compound 1 7 q) and in th. 2™ ^ 88 3 Wh ' t6 P ° Wder 

compound (0.902 g) was obtained as a white sofld ""^ 38 Example 133 < 2 >' the «* 

H -NMRipOMHz^i^^ 

<1H..).9.12(1H.K.), 11.12^ 



Example 224 



trih^hSe esisof 3 ' (2S ' 4SM - [4 - (1 - phe ^^ 

mixture was concentrated under reduced pressure and ZrSL J temperature for 17 hr. The reaction 

was added to the residue. The mixture ISSiS JESf qU6 ° US 8 ° d,Um h y dro 9«ncarbonate solution 
W" a .*<edand«»nc*n^^ and the eXtraCt Was washed w «" 

thyljpiperazine (5.71 g) as a slightly yellow o5 1 - benz y |ox y ca *°ny'-4-t(methylthio)phenyliminome- 

and., reduced pressure. The rMd^lZSinT™^^^^"™-^^^™^ 
'»2feSa«« M ^_, Mm ^_J__™_'^ "_«_ MroOrtofc scid (30 mL), and heated at 100-C 

^etooMthchtooform.ThoetoM^^ 

Th. rasldua m. puduad b» JSS^r^^ M< ?T^^'^< l ~^- 
eraare (1.16 g) a ___ _ °r™»ography Is gn/a 1-benzyloxycart>ou»M-(1 1 ,heny|.2.|mldasolyl)| J lp. 

hr. The reactl.™ •^^UmUM^^^^T^" (1 atm) at room tonperstoo to 20 
ftoMaToMjpjpsMns (0 . 7 _ „ _ «_? 0"*"educ0p re s.ure1oghe,l. (H *e W . 

22 kksesss si- d tsr___r (3 ■ u - d 41 m * 
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Example 225 

[0342] Synthesis of 3-{(2S,4S)-4-[4-(5-methyl-1 -phenyl 
zolidine tri hydrochloride 

5 

(1) 1-Benzyloxycarbonyl-4-[(methylthio)phenyiimlnomethyl]pipera2ine [product of Example 224 (2), 2.70 g] and 
propargytamine (2.3 mL) were dissolved in 1-butanol (25 mL), and p-toluenesulfonic acid monohydrate (156 mg) 
was added thereto. The mixture was refluxed for 20 hr. The reaction mixture was concentrated under reduced 
pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was 

10 extracted with chloroform, and the extract was washed with brine, dried and concentrated under reduced pressure. 

The residue was purified by silica gel chromatography to give 1 -benzyloxycarbonyl-4-(5-methyl-1 -phenyl-2-imida- 
zoly!)piperazine (1 .82 g) as a brown oil. 

(2) Using the above-mentioned compound (1 .16 g), and in the same manner as in Example 224 (4), 1-(5-methyl- 
1-phenyl-2-imidazolyl)piperazine (1.23 g) was obtained as a brown solid. 

15 (3) Using the above-mentioned compound (0.800 g) and the title compound (0.901 g) of Reference Example 12, 
and.in the.same manner. as.in-Example JO (-1 ),-3^{(2S f 4S)=.1^tert^butoxycarbonyU4=[4r(5=methyU1^phenyl--2^mida^- - 

zolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .20 g) was obtained as a white solid. 

1 H-NMR(CDCI 3 )61.38(4.5H,s), 1 .43(4.5H,s), 1.75-1 .88(1 H.m), 1.99(3H,s), 2.28-2.46(5H,m), 2.68-2.83(1 H,m), 

2.90-3.1 6(6H,m), 3.22(1 H,t,J=1 0.1 Hz), 3.57-4.07(3H,m), 4.32-4.75(3H,m), 6.57(1 H,s), 7.27-7.53(5H,m). 
20 (4) The above-mentioned compound (1.19 g) was dissolved in ethanol (3 mL), and 4.1 mol/L hydrochloric acid- 

ethanol (3 mL) was added thereto. The mixture was stirred at room temperature for 13 hr. The precipitated solid 

was collected by filtration to give the title compound (0.913 g) as a white powder. 

1 H-NMR(DMSO-d 6 )52.00-2.18(1H,m), 2.79-3.93(1 6H,m), 4.42-4.76(3H,m), 7.23(1H,s), 7.58-7.72(5H,m), 9.02 
(1H,brs), 1 0.86(1 H,brs), 14.01 (1H,brs). 

25 

Example 226 

[0343] Synthesis of 3-{(2S,4S)-4-[4-(4-phenyl-2-thiazolyI)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine-tri- 
hydrochloride 

30 

(1) Phenacyl bromide (4 g) was dissolved in acetonitrile (30 mL), and sodium thiocyanate (1.8 g) was added at 
room temperature with stirring. The reaction mixture was concentrated under reduced pressure, and brine was 
added to the residue. The mixture was extracted with ethyl acetate. The extract was dried, and the solvent was 
evaporated under reduced pressure to give 2-isocyanatoacetophenone (3.53 g) as white crystals. 

35 (2) Piperazine (3.8 g) was dissolved in ethanol (40 mL), and a solution of the above-mentioned compound (3.53 

g) in ethyl acetate (1 0 mL) was added thereto. The mixture was heated at 70°C for 1 hr. The reaction mixture was 
concentrated under reduced pressure, and brine was added to the residue.' The mixture was extracted with ethyl 
acetate, and the extract was dried and concentrated under reduced pressure. The residue was purified by silica 
gel chromatography to give 4-phenyl-2-(1-piperazinyl)thiazo!e (2.38 g) as a yellow oil. 

40 (3) Using the above-mentioned compound (0.810 g) and the title compound (0.901 g) of Reference Example 12, 

and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(4-phenyl-2-thiazolyl)-1 -pip- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .59 g) was obtained as a pale-yellow solid. 
1 H-NMR(CDCI 3 )61.41(4.5H,s), 1 .46(4.5H,s), 1 .84-1 .98(1 H.m), 2.40-2.72(5H,m), 2.80-3. 18(3H,m), 3.34(1H,t, 
J=9.9Hz), 3.49-4.1 5(7H,m), 4.38-4.80(3H,m), 6.78(1 H,s), 7.26-7.46(1 3H,m), 7.83(2H,d,J=7.1Hz). 

45 (4) The above-mentioned compound (1 .59 g) was dissolved in ethanol (6 mL), and 4.1 mol/L hydrochloric acid- 

ethanol (6 mL) was added thereto. The mixture was stirred at room temperature for 12 hr. The precipitated solid 
was collected by filtration to give the title compound (1 .41 g) as a pale-brown powder. 

lH-NMR(DMSO-d 6 )82.27-2.42(1H,m), 2.95-3.1 8(3H,m), 3.37-4.1 8(1 6H,m), 4.47-4.78(3H,m), 7.30(1 H,t,J=7.3Hz), 
7.37-7.45(3H,s), 7.87(2H,d,J=7.1Hz), 9.17(1 H.brs), 1 0.93(1 H.brs). 

50 

Example 227 

[0344] Synthesis of 3-((2S,4S)-4-{4-[4-(4-cyanophenyi)-2-thiazolyl]-1 -piperazinyl}-2-pyrrolidinylcarbonyl)-1 ,3-thia- 
zolidine trihydrochloride 

55 

(1) 4-Acetylbenzonitrile (4.35 g) was dissolved in chloroform (40 mL), and a solution of bromine (1 .7 mL) in chlo- 
roform (10 mL) was added dropwise. The mixture was stirred at room temperature. The reaction mixture was 
washed with saturated aqueous sodium hydrogencarbonate solution, dried and concentrated under reduced pres- 
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sure. The residue was dissotv d in acetonitrile (40 mL), and sodium thiocyanate (2.4 g) was added th reto. The 
mixturewasstirredatroomtemperatureandconcentrat dunderr ducedpressur .Brin was added to the r sidue, 
and the mixture was extracted with ethyl acetate. Th extract was dried and the solvent was vaporated under 
reduced pressure. The residue was purified by silica gel chromatography to give 4-(2-lsocyanatoacetyl)benzonitrile 
5 (4.39 g) as yellow crystals. 

(2) The above-mentioned compound (4.39 g) and piperazine (4.15 g) were dissolved in ethanol (70 mL), and the 
mixture was stirred at 80°C for 1 hr with heating. The reaction mixture was concentrated under reduced pressure, 
and brine was added to the residue. The mixture was extracted with ethyl acetate. The extract was dried and 
concentrated under reduced pressure. The residue was purified by silica gel chromatography to give 1 -[4-(4-cyan- 

10 ophenyl)-2-thiazolyl]piperazine(1 .83 g) as a yellow solid. 

(3) Using the above-mentioned compound (0.892 g) and the title compound (0.901 g) of Reference Example 12, 
and in the same manner as in Example 70 (1),3-((2S t 4S)-1-tert-butoxycarbonyl-4-{4-[4-(4-cyanophenyl)-2-thia- 
zolyl]-1-piperazinyl}-2-pyrrolidinylcarbonyl)-1,3-thiazolidine (1.40 g) was obtained as a brown solid. 
1 H-NMR(CDCl3)81.41(4.5H jS ), 1.46(4.5H,s), 1 .83-1 .98(1 H,m), 2.38-2.75(5H,m) 1 2.82-3.22(3H,m), 3.34(1 Ht 

15 J=9.9Hz), 3.48-4.1 5(7H,m), 4.38-4.81 (3H,m), 6.93(1 H,S), 7.65(2H l d I J=8,3Hz), 8.34(2H,d,J=8.3Hz). 

( 4 )- Tneaoov ^mentioned^ 

ethyl acetate (6 mL) was added thereto. The mixture was stirred at room temperature for 4 days. The precipitated 
solid was collected by filtration to give the title compound (1 .23 g) as a pale-yellow powder. 
1 H-NMR(DMSO-d 6 )52.24-2.38(1H,m), 2.94-3.1 8(3H,m), 3.35-4.1 4(1 6H,m), 4.46-4.78(3H,m), 7.73(1H,s), 7 87 

20 (2H,d,J=8.5Hz), 8.07(2H l d,J=8.5Hz) ( 9.16(1H,brs), 1 0.83(1 H.brs). 

Example 228 

[0345] Synthesis of 3-{(2S,4S)-4-[4-(1-phenyl-1H-tet^^ 
25 ine trihydrochloride 

(1 ) Using 5-chloro-1 -phenyl-1 H-tetrazol (2.1 0 g) and piperazine (1 0.0 g), and reaction at 1 00°C in the same manner 
as in Example 196 (1), 1-(1 -phenyl-1 H-tetrazol-5-yl)piperazine (2.67 g) was obtained as a pale-yellow powder. 

(2) Using the above-mentioned compound (0.59 g) and the title compound (0.696 g) of Reference Example 12, 
30 and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(1 -phenyl-1 H-tetrazol-5-yl)- 

1 -piperazinyQ-2-pyrro1idinylcarbonyl}-1 ,3-thiazolidine (1 .1 9 g) was obtained as a white powder 

(3) Using the above-mentioned compound (1.19 g), and in the same manner as in Example 133 (2), the title 
compound (0.863 g) was obtained as a white powder. 

lH-NMR(SOOMHz,DMSO-d 6 )82.02-2.22(1H,m), 2.80-3.95(1 6H,m), 4.45-4.73(3H,m), 7.57-7.73(5H,m), 9.04(1 H 
35 brs),10.61(1H,brs). 

Example 229 

[0346] Synthesis of 3-{(2S,4S)-4-[4-(1 -cyclohexyi-1 H-tetrazol-5-yl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazo- 
40 lidine trihydrochloride 

(1) 1-Benzyloxycarbonylpiperazine (2.07 g) was dissolved in dichloromethane (50 mL), and cyclohexyl isocyanate 
(1 .20 mL) was added thereto at room temperature. The mixture was stirred for 1 hr. The solvent was evaporated 
under reduced pressure, and the residue was dissolved in tetrahydrofuran (100 mL). Phosphorus oxychloride (8.8 

45 mL) was added thereto, and the mixture was refluxed for 18 hr. The reaction mixture was concentrated under 

reduced pressure, and a 0.5 mol/L solution of triazole in acetonitrile (100 mL) was added to the residue. The 
mixture was stirred at room temperature for 3 hr. The solvent was evaporated under reduced pressure, and satu- 
rated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was extracted with ethyl 
acetate, and the extract was washed with brine and dried. The solvent was distilled away under reduced pressure, 

so and the residue was dissolved in methanol (100 mL). An aqueous solution (20 mL) of sodium azide (6.50 g) was 

added thereto. The mixture was stirred at 70°C for 3 hr and the reaction mixture was concentrated under reduced 
pressure. Water was added to the residue, and the mixture was extracted with ethyl acetate. The extract was 
washed with brine and dried. The solvent was evaporated under reduced pressure and the residue was purified 
by silica gel chromatography to give 1 -benzyloxycarbonyl-4-(1 -cyclohexyl-1 H-tetrazol-5-yl)piperazine (390 mg) as 

55 a white powder. 

(2) The above-mentioned compound (388 mg) was dissolved in ethanol (10 mL) and ethyl acetate (10 mL). The 
mixture was stirred in the presence of 1 0% palladium/carbon (1 40 mg) under a hydrogen atomosphere (1 atm) for 
2 hr. The reaction mixture was filtrated and the filtrate was concentrated under reduced pressure to give 1 -(1 -cy- 



84 



EP 1 308 439 A1 



clohexyl-1 H-tetrazol-5-yl)piperazine (248 mg) as a white powder. 

(3) Using the above-mentioned compound (248 mg) and the title compound (290 mg) of Refer nee ExampI 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(1-cyclohexyl-1H-tetrazol- 
5-yl)-1-piperazlnyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (502 mg) was obtained as a white powd r. 

5 (4) Using the above-mentioned compound (502 mg), and in the same manner as in Example 133 (2), the title 

compound (302 mg) was obtained as a white powder 

1 H-NMR(500MHz,DMSO-d 6 )61 .20-1 .34(1 H,m), 1.40-1 .50(2H,m), 1.64-1.88(5H,m), 1 97-2.03(2H,m), 2.12-2.32 
(1H,m), 2.90-4.05(16H,m), 4.25(1 H.m), 4.48-4.75(3H,m), 9.10(1H,brs), 10.67(1 H,brs). 

10 Example 230 

[0347] Synthesis of 3-{(2S,4S)-4-[4-(2-benzimidazolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine dihy- 
drochloride 

15 (1) Using 2-chlorobenzimidazole (0.500 g) and piperazine (8.47 g), and in the same manner as in Example 189 

(1) t -1--(2^benzimidazolyl)piperazine-(0.086g)-was-obtained-as.a-white-powder. - 

(2) Using the above-mentioned compound (86 mg) of Reference Example 12 and the title compound (128 mg), 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-4-[4-(2-benzimidazolyl)«1-piperazinyl]-1-tert-butoxycar- 
bonyl-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (203 mg) was obtained as a white solid. 

20 (3) Using the above-mentioned compound (203 mg), and in the same manner as in Example 186 (2), the title 

compound (94 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )51. 72-2-1 6(1 H,m), 2.65-4.30(1 6H,m), 4.40-4.80(3H,m), 7.18-7.33(2H,m), 7.36-7.51 (2H,m), 
8.95(1 H.brs), 9.70(1 H,brs), 1 0.50(1 H.brs), 13.71(2H,brs). 

25 Example 231 

[0348] Synthesis of 3-{(2S,4S)-4-[4-(5-cyano-2-benzimidazolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolid- 
ine trihydrochloride 

30 (1) 4-Amino-3-nitrobenzonitrile (25 g) was dissolved in methanol (200 mL) and tetrahydrofuran (200 mL). The 

mixture was stirred in the presence of 10% palladium/carbon (3.0 g) under a hydrogen atomosphere (1 atm) for 
20 hr. The reaction mixture was filtrated and the filtrate was concentrated under reduced pressure to give 3,4-di- 
aminobenzonitriie (20 g) as a charcoal brown solid. 

(2) The above-mentioned compound (2.60 g) was dissolved in DMF (20 mL) and pyridine (2 mL), and a solution 
35 of triphosgene (2.12 g) in tetrahydrofuran (20 mL) was added dropwise under ice-cooling. The mixture was stirred 

at room temperature for 18 hr. Dilute hydrochloric acid was added to the reaction mixture, and the mixture was 
extracted with ethyl acetate. The extract was washed with brine and dried. The solvent was evaporated under 
reduced pressure and ethyl acetate was added to the residue. The precipitated solid was collected by filtration to 
give2-hydroxybenzimidazole-5-carbonitrile (896 mg) as a purple solid. 
40 (3) The above-mentioned compound (894 mg) was dissolved in phosphorus oxychloride (12 mL), and the solution 

was refluxed for 3 hr. The reaction mixture was added to ice, and extracted with ethyl acetate. The extract was 
washed with brine, dried and concentrated under reduced pressure. The residue was purified by silica gel chro- 
matography to give 2-chlorobenzimidazole-5-carbonitrile (322 mg) as a white powder. 

(4) The product (345 mg) of Example 199 (3) was dissolved in N-methyl-2-pyrrolidone (6 mL), and the above- 
45 mentioned compound (182 mg) and N,N-diisopropylethylamine (180 uJ_) were added thereto. The mixture was 

stirred at 100°C for 17 hr. The reaction mixture was added to water, and the mixture was extracted with ethyl 
acetate. The extract was washed with brine, dried and concentrated under reduced pressure. The residue was 
purified by HPLC to give3-{(2S,4S)-1-benzyloxycaroonyl-4-[4-(5<yano-2-benzimidazotyl)-1-piperazinyl]-2-pyrro- 
lidinylcarbonyl}-1 ,3-thiazolidine (250 mg) as a white solid. 
50 (5) Using the above-mentioned compound (200 mg), and in the same manner as in Example 199 (5), the title 

compound (50 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )51 .89-2.09(1 H.m), 2.78-4.20(1 6H,m), 4.47-4.82(3H,m), 7.51 (1H,d,J=8.2Hz), 7.61 
(1H,d,J=8.2Hz), 7.81(1H,s),8.97(1H ) brs), 10.28(1 H.brs). 

55 Example 232 

[0349] Synthesis of 3-{(2S,4S)-4-[4-(5-trifluoromethyl-2-benzimidazo 
1 ,3-thiazolidine trihydrobromide 
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(1) Using 4-trifluoromethyl-2-nitroaniline (25.0 g), and in the same manner as in Example 231 (1 ) 4-trifluoromethvl 
1 ,2-phenylenediamine (21 .3 g) was obtained as a white solid tnriuorometnyl- 
£) Using the above-mentioned compound (1 0.2 g) and in the same manner as in Exampl 231 (2) the reaction 

- - (3, 2-chioro- 

™nTra^ 

manner as in txample231 (4), 3-{(2S,4S)-1-benzyloxycarbonyl-4-(4-(5-trifluoromethvl-2-benzimida7ol«n i ninor 

^ V ru P r lidinylCarb0ny °- 1 ' 3 - ,hiazo,idine < 192 ma > was bailed as a whitesZ ^'^-'-P^ 
(5) 30 /o Hydrogen bromide-acetic acid solution (10 ml) was added 

^J^TmTT C ° mP0Und (19 ° m9) ' and the miXtUfe Was slirred at room temperature for 6 hr Diethyl 

! ILT^ f« reaCt '° n miXtUr6 ' 3nd the Precipitated so,id was coll ^ted by fixation and washed with 

ethanol. The title compound (101 mg) was obtained as a white powder 



Example 233 

il^inf / 4 ;;7 r t 2 - nitr0ani ' ine (25 ° 9) ' 8nd in the same manner as in Sample 231 (1 ), 4-fluoro-1 2-phenylen- 
ediamine (20.1 g) was obtained as a charcoal brown solid pnenyien 

(2) Using the above-mentioned compound (10.0 g), and in the same manner as in Example 231 (2) the reaction 

sks r a : a precipftated so,id was coi,ected by fiitration ,o *• ^i^tz 

(4) Using the above-mentioned compound (1 74 mg) and the product (345 mg) of Example 1 99 (3) and in the same 
manner as ,n Example 231 (4), 3-{(2S,4S)0-benzyloxycarbonylV[4-(5-fluoro-2-benz^ 
2-pyrrol.dinylcart>onylM ,3-thiazolidine (66 mg) was obtained as a white solid nzm,aazo ^ 1 P'Peraz.nyl]- 

i H-NMR(500MH2 l DMSO-d 6 )81 .77-1 .97(1 H.m), 2.88-4.20(1 6H,m), 4.46-4.76(3H,m) 7 12-7 16(1H m) 7 32MH 
dd,J=8.5,2.2Hz), 7.44(1H,dd,J=8.7,4.5Hz), 8.97(1H,brs 9.61 (1H,brs), 13.16(1H,brs) 7 ' 16(1H ' m >' 732 ( 1H - 

Example 234 

thireto h S?Z irnidaZ0 ' e t (1 ? 9> ^ diSS0lV6d iP ° MF (1 ° mL) ' and N-chlorosuccinimide (1 .01 g) was added 
thereto. The mixture was stirred at 60°C for 30 min and the reaction mixture was added to water The pTeSottated 

uZth T" ^ ,Htrati0n 10 9iVe 2 - 5 ^=hlorobenzimidazole (0.480 g) as a white solid " P 

(2) Using the above-mentioned compound (1 91 mg) and the product (345 mg) of Example 1 99 f3) and in th* «»™ 

2-pyrTol.d.nylcarbonyl}-1 ,3-thiazolidine (122 mg) was obtained as a pale-yellow solid P'Peraz.nyl] 

fino^H^ ab T' men u 0ned com P ound < 110 m 9>. ™* the same manner as in Example 232 (5) the title 
compound (56 mg) was obtained as a white powder 

I ";^R(500MH2,DMSO^1 .76-1 .96(1 H,m), 2.70-4.87(1 6H,m), 4.46-4.74(3H m) 7 32(1 H dd J-8 5 1 7H* 
7.44(1H,d,J=8.5Hz). 7.48(1 H,d,J=1 .7Hz), 8.96(1H,brs), 9.59(1H,brs 13.15(1H,brs) H ' dd ' J - 85 ' 1 - 7H2 >' 

Example 235 
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(1) Using 4-nitro-1,2-phenylen diamin (9.12 g), and in the same mann r as in Exampl 231 (2), the reaction 
mixture was added to water. The precipitated solid was collected by filtration to give 5-nitro-2-hydroxyxisobenzim- 
idazole (5.69 g) as an yellow solid. 

(2) Using the above-mentioned compound (5.69 g), and in the same manner as in Example 231 (3), 2-chloro- 
5 5-nitrobenzimidazole (2.41 g) was obtained as a yellow solid, 

(3) Using the above-mentioned compound (1 .00 g) and piperazine (4.70 g), and by a reaction at 1 00°C in the same 
manner as In Example 196 (1), 1-(5-nltro-2-benz!mldazolyl)piperazlne (0.16 g) was obtained as an orange solid. 

(4) Using the above-mentioned compound (160 mg) and the title compound (162 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-nitro-2-benzimidazolyl)- 

io 1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 72 mg) was obtained as a yellow solid. 

(5) Using the above-mentioned compound (172 mg), and in the same manner as in Example 133 (2), the title 
compound (138 mg) was obtained as a yellow powder. 

1 H-NMR(500MHz,DMSO-d 6 )82.08-2.24(1H,m), 2,78-4.03(1 6H,m), 4.48-4.75(3H,m), 7-52(2H,d ( J=8.6Hz), 8.11 
(2H,dd,J=8.6,2.0Hz), 8.12(1 H,d,J=2.0Hz), 9.06(1H,brs), 1 0.59(1 H.brs). 

15 

Example 236 — 

[0353] Synthesis of 3-((2S,4S)-4-[4-(1 -methyl-2-benzimidazolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolid- 
ine trihydrochtoride 

20 

(1) Sodium hydride (contained by 60%, 0.288 g) was suspended in DMF (10 mL), and 2-chlorobenzimidazole (1 
g) was added thereto. The mixture was stirred at room temperature for 30 min and methyl iodide (0.61 mL) was 
added thereto. After stirring at room temperature for 1 hr, water was added to the reaction mixture. The mixture 
was extracted with ethyl acetate, and the extract was washed with brine and concentrated under reduced pressure 

25 to give 2-chloro-1-methylbenzimidazole (0.928 g) as a white powder. 

(2) Using the above-mentioned compound (0.928 g) and piperazine (9, 60 g), and in the same manner as in Example 
189 (1), 1-(1-methyl-2-benzimidazolyl)piperazine (1.18 g) was obtained as a pale-yellow solid. 

(3) Using the above-mentioned compound (476 mg) and the title compound (601 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(1 -methyl-2-benzimidazolyl)- 

30 1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (947 mg) was obtained as a white solid. 

(4) Using the above-mentioned compound (857 mg), and in the same manner* as in Example 186 (2), the title 
compound (532 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )62.1 9-2.38(1 H,m), 2.89-3.20(3H,m), 3.30-4.30(1 3H,m), 3.79(3H,s), 4.42-4.85(3H,m), 
7.34-7.47(2H,m), 7.53-7.63(1 H,m), 7.64-7.76(1 H,m), 9.15(1H,brs), 11 .08(1H,brs). 

35 

Example 237 

[0354] Synthesis of 3-{(2S,4S)-4-[4-(5-trifiuoromethyl-1 -methyl-2-benzimidazolyl)«1 -piperazinyl]-2-pyrrolidinylcarb- 
onyl}-1 ,3-thiazolidine trihydrochloride 

40 

(1 ) 4-Fluoro-3-nitrobenzotrif luoride (25 g) was dissolved in ethanol (50 mL), and 30% methylamine-ethanol solution 
(97.9 g) was gradually added dropwise under ice-cooling, and the mixture was stirred at room temperature for 40 
min. The reaction mixture was added to water, and the precipitated solid was collected by filtration to give 4-meth- 
ylamino-3-nitrobenzotrifluoride (25.5 g) as yellow crystals. 
45 (2) Using the above-mentioned compound (25.3 g), and in the same manner as in Example 231 (1 ), 4-trifluorome- 

thyl-NI-methyl-1 ,2-phenylenediamine (21 .9 g) was obtained as a pale-yellow solid. 

(3) The above-mentioned compound (21 .9 g) was subjected to the reaction in the same manner as in Example 
231 (2), and water was added to the reaction mixture. The precipitated solid was collected by filtration to give 
5-trifluoromethyl-2-hydroxy-1-methylbenzimidazole (23.8 g) as a white solid. 
so (4) Using the above-mentioned compound (10.1 g), and in the same manner as in Example 231 (3), 2-chloro- 

5-trifluoromethyl-1-methylbenzimidazole (10.5 g) was obtained as a white solid. 

(5) Using the above-mentioned compound (5.07 g) and piperazine (1 8.6 g), and by a reaction at 1 00°C in the same 
manner as in Example 196 (1), 1 -(5-trifluoromethyl-1 -methyl-2-benzimidazolyl)piperazine (4.87 g) was obtained 
as a white solid. 

55 (6) Using the above-mentioned compound (485 mg) and the title compound (518 mg) of Reference Example 12, 

and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-trifluoromethyl-1-methyl- 
2-benzimidazolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (978 mg) was obtained as a white powder. 
(7) Using the above-mentioned compound (978 mg), and in the same manner as in Example 133 (2), the title 
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compound (483 mg) was obtained as a white powder 

Example 238 

(3) Using the above-mentioned compound (18.1 g), and in the same manner as in Example 231 (2) 5 fluoro 
2-hydroxy-l-methylbenzimidazole (0.682 g) was obtained as a pale-yellow solid P ^ 

i i Us,n 9- tne above-mentioned compound-(675-mg),-and-in-the same-manner-as in Examole 231 (n ? ohi™ 
5-fluoro-1-methylbenzimidazole (647 mg) was obtained as a white solid as ,n E,(am Pte-231- (3),.2,chlo ro ,- 

(5) Us.ng the above-mentioned compound (0.633 g) and piperazine (3.2 g), and by a reaction at 1 0O'C in the sam* 

yTwir Exampie 196 i - (5 - fiu ° ro - 1 -- 1 ^^ 

(6) Using the above-mentioned compound (0.76 g) and the title compound (0.80 g) of Reference Example 1 2 and 
he same manner as in Example 70 (1), S-^S^-l-tert-butoxycirbon;. M*(S-«uZl^™£^ 

ZsKheT^ (1 40 «») WaS ° btained as a white powdlr 

Example 239 

iltJS -% ano P heno1 < 6 71 9) was dissolved in pyridine (100 mL), and potassium ethylxanthate (8 82 a) was 
added thereto. The mixture was refluxed for 2 hr. After allowing to cool, iced water (SSS^SSlVZ 

Son t m,XtUre . and COna hvdrochloric acld «0 mL) was added thereto. The prec^Z^iZJ^Z 
Miration to giveS-cyano-Z-mescaptobenzoxazole (5.62 g) as a gray powder o. .a was collected by 

(2)The above-mentioned compound (5 g) and two drops of DMF were added to thionvl chloride f20 mil a nH th* 

murture was extracted with chloroform. 1 mol/L Hydrochloric acid was added toVhJ e^ «„h ' ? 
was separated. Aqueous sodium hydroxide solutL was ^Z^^S^J^^^ 

Sisxsr under reduced to *• i~ss3s^ 

2 - p r ,i<, J ylCart>0nylH • 3 - ,hiazolldine («» mg) was obtained as a white powder benZ ° XaZ0,yl) - 
ethyl acetate (5 mL) was added thereto. The mixture was stirred at room temperature for 18 h an^the SS, 

1 H-NMR(DMSO-d 6 )81.94-2.26(1H,m), 2.80-3.00(1 H,m), 3.00-4.30(15H m) 4 45-4 78f3Hm1 7«mhhh 
J=8.4,1.8Hz), 7.66(1H,d,J=8.4Hz) > 7.83(1 H,d,J=1.5Hz), 9.05(1 H.brs), 10.43^,^^ ' ' ' 
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Example 240 

[0357] Synthesis of 3-{(2S,4S)-4-[4-(5-cyano-2-benzothiazolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolid- 
ine dihydrochloride 

5 

(1) 2-Bromo~5-nitroaniline (10 g) was dissolved in N-methyl-2-pyrrolidone (50 mL), and potassium ethylxanthate 
(14.8 g) was added thereto . The mixture was stirred at 1 40°C with heating. The reaction mixture was concentrated 
under reduced pressure, and water (300 mL) and cone, hydrochloric acid (10 mL) were added to the residue. The 
precipitated solid was collected by filtration, which was then dissolved in 1 mol/L aqueous sodium hydroxide solution 

io (80 mL). After washing with chloroform, 1 mol/L hydrochloric acid was added thereto, and the precipitated solid 

was collected by filtration to give 2-mercapto-5-nitrobenzothiazole (8.43 g) as an orange powder. 

(2) Sodium hydride (contained by 60%, 1 .05 g) was suspended in DMF (50 mL) and the above-mentioned com- 
pound (8.43 g) was added thereto under ice-cooling. After the mixture was stirred for 30 min, methyl iodide (2.72 
mL) was added thereto under ice-cooling. The mixture was stirred at room temperature for 2 hr. The reaction 

15 mixture was added to water, and the mixture was extracted with ethyl acetate (insoluble material was removed by 

— filtration).JThe-extract-was-washed.surc^ 

to give 2-methylthio-5-nitrobenzothiazole (4.82 g) as a pale-brown powder. 

(3) The above-mentioned compound (3.33 g) was dissolved in ethanol (70 mL), and chloride dihydrate (II) (14.0 
g) was added thereto. The mixture was refluxed for 1 hr. The reaction mixture was concentrated under reduced 

20 pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was 

extracted with chloroform (insoluble material was filtered off). The extract was washed with brine and concentrated 
under reduced pressure to give 5-amino-2-methytthiobenzothiazole (2.54 g) as a red-orange solid. 

(4) The above-mentioned compound (2.54 g) was suspended in water (40 mL) and cone, hydrochloric acid (3.75 
mL) was added thereto under ice-cooling. Thereto was added dropwise a solution of sodium nitrite (1.00 g) in 

25 water.(10 mL) under ice-cooling. After stirring the reaction mixture for 20 min, 5% aqueous potassium carbonate 

solution (20 mL) was added dropwise under ice-cooling. This reaction mixture was added dropwise under ice- 
cooling to a solution of copper cyanide (2.35 g) and potassium cyanide (3.44 g) in water (40 mL) prepared sepa- 
rately. After stirring under ice-cooling for 1 hr, the mixture was stirred at 50°C for 10 min with heating. The reaction 
mixture was added to water (50 mL), and the mixture was extracted with ethyl acetate (insoluble material was 

30 filtered off). The extract was washed with brine, and concentrated under reduced pressure to give 5-cyano-2-meth- 

ylthiobenzothiazole (1 .96 g). 

(5) Using the above-mentioned compound (0.645 g) and piperazine (8.08 g), and in the same manner as in Example 
189 (1), 1-(5-cyano-2-benzothiazolyl)piperazine (0.601 g) was obtained as a brown solid. 

(6) Using the above-mentioned compound (601 mg) and the title compound (601 mg) of Reference Example 12, 
35 and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(5-cyano-2-benzothiazolyl)- 

1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (649 mg) was obtained as a pale-orange powder. 

(7) Using the above-mentioned compound (649 mg), and in the same manner as in Example 239 (5), the title 
compound (500 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )52.04-2.28(1H,m), 2.82-3.00(1 H,m), 3.00-4.30(15H,m), 4.43-4.80(3H,m), 7.53(1 H,dd, 
40 J=8.2,1.5Hz), 7.93(1 H,d,J=1.5Hz), 8.07(1 H,d,J=8.2Hz), 9.08(1 H.brs), 10.51(1H,brs). 

Example 241 

[0358] Synthesis of 3-{(2S,4S)-4-[4-(6-cyano-2-benzothiazolyl)-1 -piperazinyl]-2-pyrrolidlnylcarbonyl}-1 ,3-thiazolid- 
45 ine dihydrochloride 

(1) Sodium hydride (containing by 60%, 6.15 g) was suspended in DMF (120 mL) and 2-mercapto-6-nitrobenzo- 
thiazole (20 g) was added thereto under ice-cooling. After completion of bubbling, methyl iodide (26.4 mL) was 
added thereto. The mixture was stirred at room temperature for 18 hr. Water (800 mL) was added to the reaction 
mixture, and the precipitated solid was collected by filtration to give 2-methylthio-6-nitrobenzothiazole (21 .2 g) as 
a pale-yellow powder. 

(2) Using the above-mentioned compound (1 0 g) and tin(ll) chloride (41 .9 g) , and in the same manner as in Example 
240 (3), 6-amino-2-methylthiobenzothiazole (7.75 g) was obtained as a white solid. 

(3) Using the above-mentioned compound (2.59 g), sodium nitrite (1 .00 g), copper cyanide (2.35 g) and potassium 
55 cyanide (3.44 g), and in the same manner as in Example 240 (4), 6-cyano-2-mercaptobenzothlazo!e (2.22 g) was 

obtained as a brown solid. 

(4) Using the above-mention d compound (2.04 g) and piperazine (8.82 g), and in the same manner as in Exampl 
189 (1), 1-(6-cyano-2-berizothiazolyl)piperazine (2.02 mg) was obtained as a brown-reddish solid. 
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in^n?hl th9 above - mentioned impound (538 mg) and the title compound (601 mg) of Referenc Exempt 12 
TnZT- To T ' 38 EXamf " e 70 (1 >• 3 -« 2S .4SM -terl-b U toxycarbonyl-4. ( 4 (6-oyeno-^ 
22 11 •^W'nylcarbonylhU-.hiazolidine (526 mg) was obtained as an orange powder ^ 
^mentioned compound (526 mg), and in the same manner as in Example 239 (5) the title 
compound (394 mg) was obtained as a white powder 

^SrJS^.^I'Srrl 2 - 8 °- 30 °( 1H - m )- 3.00-4.30(15H,m )l 4.42-4.80(3H,m). 7.59(1Hd 
J-8.4Hz),7.72(1H,dd,J=8.1,1.5Hz).8.39(1H,d,J=1.5Hz),9.06(1H,brs),10.58(1H,brs). 

Example 242 

( !Kt Am ,L n0 ; 3 ; br0m0ben20triflUOride (2 4 ° 9) was dissolved in N-methyl-2-pyrrolidone (10 mL) and potassium 

— h 9) r S add6d ,here, °- miX,Ure W3S Stirred « 160 ' C f " 3 hr wi » neat^'Cef S mn 

wM-added )to -therea^orvm,xture r and-tt,emixture-was-extracted-wto 

iodide'iS! m L f , m r° ned C ° mP0Und (6 ° 7 m9) ' S ° diUm hydride (containin 9 * 60% - 155 nig) and methyl 

1 89 1 ), 1 -(6-tnfluoromethylbenzothiazolyl)pi P erazine (0.56 g) was obtained as a white powder P 
i„^ 8 5 above - menti °"ed compound (560 mg) and the title compound (532 mg) of Reference Example 12 
th to. J I 83 " 16 88 in EXamP ' e 70 3 ^S,4S)-1-tert-butoxycart,ony|.4 J(64rifluo ro mLyS b ^ 

5Sa thr a 3m 

XSo^ "* - — ~ - ^ -mp,e 18 P 6 (2), the tit,e 

Example 243 

S2rihydChTo^e f3 ' {(2S ^^ 

SbSMM T^2!Z em T nZ ^ ia20i6 (1 9) and PiperaZ ' ne (863 9) ' and in the same ™™ ™ ^ Example 
Ti ll L I mathox y benzothlazo| yOplperazlne (1 .22 g) was obtained as a pale-brown powder 

inn in thi above - ment,oned com P° u n d (549 mg) and the title compound (601 mg) of Reference Example 12 
and in the same manner as in Example 70 (1), 3«2S,4S)-1.tert-butoxyca ro onylJ*^ 
XX^ 2 ^ m / Ca ' b0m -' 1 ' 3 - thiazo,idine («0 mg) was obtained as a whfte powder 

" — manner as in Exampie 186 (2, thettie 

SSKE^ ™ —BKSHm, 6.96 

Example 244 

StSil 3 - ,(2S ' 4SW 

i^cXTmntf^ ? r diSS0, r aC8fc 8Cid (3 °° mL) ' and a mixture ° f br °™* (*™ mL) and 
^ntfl? ? h } T d dr ° PWISe - After S,imn9 at room t^Perature for 2 hr, the reaction mixture was 

Zr TJlVT T PreSSUre ' Wat6r W8S 8dded 10 residue ' and the ™«™ ™° extracted wTdteZ 

"2 i:zzj::zt was purified by si,ica gei chroma, ° 9raphy <° *• ~.— 

(2) The above-mentioned compound (10.2 g) was dissolved in N-methyl-2- P yrrolidone (50 mL), and potassium 
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ethylxanthate (14.2 g) was added thereto. The mixtur was stirred at 140°C for 6 hr with heating. The reaction 
mixture was concentrated under reduc d pr ssuro, and 1 mol/L aqueous sodium hydroxide solution (50 mL) was 
added to the residue. The mixture was washed with chloroform, and cone, hydrochloric acid (30 mL) was added 
thereto. Th mixture was extracted with chloroform. The extract was concentrated under reduced pressure to give 
5 6-isopropoxy-2-mercaptobenzothiazole (12.6 g) as a black brown oil. 

(3) The above-mentioned compound (11 .6 g) and 2 drops of DMF were added to thionyl chloride (30 mL), and the 
mixture was stirred at room temperature for 1 8 hr. The reaction mixture was concentrated under reduced pressure, 
and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was extracted 
with chloroform. The extract was concentrated under reduced pressure and the residue was purified by silica gel 

10 chromatography to give 2-chloro-6-isopropoxybenzothiazole (9.37 g) as a black oil. 

(4) Using the above-mentioned compound (9.37 g) and piperazine (35.4 g), and in the same manner as in Example 
189 (1), 1-(6-isopropoxy-2-benzothiazolyl)piperazine (2.8 g) was obtained as a black powder. 

(5) Using the above-mentioned compound (1.25 g) and the title compound (0.901 g) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(6-isopropoxy-2-benzothia- 

15 zolyl)-1-piperazinyl]-2-pyrroiidinylcarbonyl}-1 ,3-thiazolidine (0.993 g) was obtained as a pale-brown powder. 

(6)-Using-the-above-mentioned eompound-(933-mg) r and-in-the-same manner~as~in-Example486-(2)~the-title 

compound (749 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )81.26(6H,d t J=6.0Hz), 2.20-2.40(1 H,m), 2.90-3.20(3H,m), 3.28-4.1 2(14H,m) f 4.39-4.80(3H, 
m), 6.92(1 H,dd,J=8.8,2.6Hz), 7.44(1 H,d,J=8.8Hz), 7.48(1 H,d,J=2.6Hz), 9.18(1 H.brs), 1 0.90(1 H,brs). 

20 

Example 245 

[0362] Synthesis of 3-{(2S,4S)-4-t4-(5-nitro-2-benzothiazolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
dihydrochloride 

25 

(1) Using 2-methylthio-5-nitrobenzothiazole [product of Example 240 (2), 1 .5 g] and piperazine (11 .4 g), and in the 
same manner as in Example 189 (1), 1-(5-nitro-2-benzothiazolyl)piperazine (1.55 g) was Obtained as a yellow 
powder. 

(2) Using the above-mentioned compound (581 mg) and the title compound (601 mg) of Reference Example 12, 
30 and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-nitro-2-benzothiazolyl)- 

1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (507 mg) was obtained as a yellow powder. 

(3) Using the above-mentioned compound (507 mg), and in the same manner as in Example 186 (2), the title 
compound (243 mg) was obtained as a yellow powder. 

1 H-NMR(DMSO-d 6 )62.00-2.22(1H,m), 2.79-3.00(1 H,m), 3.00-4.30(15H,m), 4.42-4.80(3H,m), 7.98(1 H.dd, 
35 J=8.7,2.2Hz), 8.13(1H,d,J=8.7Hz), 8.21 (1H,d,J=2.2Hz), 9.05(1 H.brs), 1 0.40(1 H.brs). 

Example 246 

[0363] Synthesis of 3-{(2S,4S)-4-[4-(6-nitro-2-benzothiazolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
^0 dihydrochloride 

(1) Cone, sulfuric acid (50 mL) was added to 2-chlorobenzothiazole (10 g) under ice-cooling, and cone, nitric acid 
(5 mL) was added dropwise under ice-cooling. The mixture was stirred under ice-cooling for 1 hr, and iced water 
(600 mL) was added to the reaction mixture. The precipitated solid was collected by filtration, which was then 

45 recrystallized from acetone to give 2-chloro-6-nitrobenzothiazole (6.36 g) as a pale-yellow powder. 

(2) Using the above-mentioned compound (6.36 g) and piperazine (25.8 g), and in the same manner as in Example 
189 (1), 1-(6-nitro-2-benzothiazolyl)piperazine (1 .84 g) was obtained as a yellow powder. 

(3) Using the above-mentioned compound (581 mg) and the title compound (601 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(6-nitro-2-benzothiazolyl)- 

50 1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (664 mg) was obtained as a yellow powder. 

(4) Using the above-mentioned compound (588 mg), and in the same manner as in Example 186 (2), the title 
compound (495 mg) was obtained as a yellow powder. 

1 H-NMR(DMSO-d 6 )52.00-2.26(1H,m), 2.83-3.00(1 H,m), 3.01 -4.30(1 5H,m), 4.43-4. 80(3H,m), 7-60(1 H,d, 
J=9.0Hz), 8.19(1H,dd,J=9.0.2.4Hz), 8.89(1 H,d,J=2.4Hz) 9.16(1H,brs), 1 0.45(1 H.brs). 

55 

Example 247 

[0364] Synthesis of 3-{(2S,4S)-4-[4-(6-fluoro-2-benzothiazolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolid- 
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ine dihydrochlorid 



Ela^2^?Zl£Z anme f k 9) and kl p0t8SSiUm eth * ,xanthate < 422 9). and in the same manner as in 
muH fh ?' 6 - fluoro - 2 - merca P ,oben ^h^ole d 01 g) was obtained as a white powder. 



373mn a „^T m ent,onedcom P° u ^(101 9). sodium hydride (containing by 60%. 0.24 g), and methyl iodide 
tTe^sa^ 

! 1 . ben2 ° thiaZ0lyl)p,pera2ine (0 627 9) was ob,ained as a pale-yellow oil. 
ind^n thJ abOVe - mentioned impound (627 mg) and the title compound (601 mg) of Reference Example 12 
Tnl™ n , man ?! f 88 EXamp ' e 70 3 -«2S.4S)-1.tert-butoxycarbonyl-4-[^ "e-fluom^nSSSS 

-p.pe^.ny^yrrol.dmylcarbonylj-l ,3-f hiazo.idine (535 mg) was obtained as a white powder ben2 ° th,aZ °^ l) 

^fS^SL3KS and in the same manner as in Example 186 « - 



Example 248 

nZH^^t mercaptobenzoth,a *>'* (25 g), sodium hydride (containing by 60%, 5.45 g) and methyl iodide 
tained^a wht ZlT """" " * ™ ^ ^'-^-thylthiobenzothiazot (26.7 

SmmS c^r^" e h dC0 Z° Und (108 9) ^ Piper32ine (43 ' 1 9) ' and in thesa ™ ma ""aras in Example 
89 1), 1 (6-chloro-2-benzothiazolyl)p,perazine (1 0.9 g) was obtained as a white powder 

SJS? above - mentioned impound (558 mg) and the title compound (601 mg) of Reference Example 12 
and ,n the same manner as in Example 70 (1 ). 3- { (2S l 4S)-1 -ter1^,utoxycarbo^^5<hl^Sr^^lI.? , 
-p.per^ l ny,].2^yrro l idinylcamony^1 l 3-thia Z o,idine (834 mg) was obtained as a whiS powder benZ ° th,aZ °W- 
(4) Using the above-mentioned compound (834 mg), and in the same manner as in Example 186 (9\ th» tit.o 
compound (735 mg) was obtained as a white powder P (2) ' the Wle 

Example 249 

S 1 l 6 U io ?S^ ben ?n hia2 ° le 0 9> PipCraZine (8 44 9) ' and in ,he same ma nner as in Example 1 89 (1) 
1- 6<:hloro-2-benzoth.azolyl)piperazine (1 .24 g) was obtained as a pale-brown solid 

Srt?* above - men,ioned compound (558 mg) and the title compound (601 mg) of Reference Example 12 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S).1 4ert4)utoxycarbo^4™6^lo^SnMS£^' 
3 T E^'r r rOl,diny ' Ca * 0ny,H ' 3 - ,hiazolidine <™ -9) ^ obtained as a whL powder benZ ° thia20,yl) - 

iomn 0 ^n?°T me . ned C ° mP0Und (64? m9) ' and in tne same ma nner as in Example 1 86 (2) the title 
compound (603 mg) was obtained as a white powder. K '' 

iH-NMR(DMSO-d 6 )S2.22-2.42(1H,m), 2.90-3.21 (3H,m), 3.30-4.20(1 3H m) 4 43-4 81 (3H ml 73SMHHH 
J=8.5,2.2Hz), 7.52<1H.d,J=8.5Hz), 8.01(1H,d,J=2.2Hz), 9.25(1 H.brs), 11. VoOH.brsT ' 

Example 250 

5V I 1 "T ethy '" 1 "'"^^'^^-yOpipera^lne (0.71 4 g) and the title compound (0.901 g) of Reference Example 
12 and .n the same manner as in Example 70 (1), 3-«2S,4S)-1-te rt -butoxycarbonyl-4-[%^ 
3-yl)-1-p.peraz,nyl]-2-pyrrol,dinylcarbon y i)-1,3-thiazolidine (1.37 g) was obtakd as a pale-yellow solid 



92 



EP 1 308 439 A1 

1 H-NMR(CDCI 3 )81 .41 (4.5H.S), 1 ,46(4.5H,s), 1 .85-2.00(1 H,m), 2.42-2.55(1 H,m), 2.62-2.80(4H,m), 2.83-3.22(3H, 
m), 3.35(1^=10.1^), 3.40-3.52(4H f m), 3.63-4.1 4(6H,m), 4.39-4.81 (3H,m), 7.01(1H,t,J=7,6Hz), 7.23-7.38(2H f 
m), 7.67(1 H,d,J=8.2Hz). 

(2) The above-mentioned compound (1 .36 g) was dissolved in ethanol (3.5 mL), and 4.1 mol/L hydrochloric acld- 
5 ethanol (3.5 mL) was added thereto. The mixture was stirred at room temperature for 15 hr. The reaction mixture 

was concentrated under reduced pressure, and the obtained crystal was recrystallized from ethanol to give the 
title compound (0.985 g) as a white powder. 

1 H-NMR(DMSO-d 6 )52.30-2.42(1H,m), 2.95-3. 17(3H,m), 3.2-4.2(1 6H,m), 4.46-4.78(3H,m), 7.02-7.08(1 H,m)V 
7.35-7.42(1 H.m), 7.51(1H,d,J=8.6Hz), 7.81 (1H,d,J=8.2Hz), 9.17(1 H,brs), 10.86(1 H.brs), 12.40(1 H.brs). 

10 

Example 251 

[0368] Synthesis of 3-{(2S,4S)-4-[4-(1 -phenyl-1 H-indazol-3-yl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolid- 
ine tri hydrochloride 

15 

(1)Using4-(-1 -phenyl-1 Hnndazo^^ 

12, and in the same manner as in Example 70 (1), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(1 -phenyl-1 H-indazol- 
3-yl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .23 g) was obtained as a white solid. 
1 H-NMR(CDCI 3 )81.41(4.5H l s), 1 .47(4.5H,s), 1 .88-2.04(1 H,m), 2.45-2.57(1 H,m), 2.66-3.1 8(7H,m), 3.38(1 H.t, 

20 J=9.9Hz),3.50-4.15(7H,m) t 4.39-4.80(3H,m),7.11(1H,t ( J=7.5Hz) ( 7.24-7.32(1 H,m), 7.40(1 H,t,J=7.6Hz), 7.49(2H, 

t,J=7.5Hz), 7.66-7.78(4H,m). 

(2) The above-mentioned compound (1.22 g) was dissolved in ethanol (3 mL), and 4.1 mol/L hydrochloric acid- 
ethanol (6 mL) was added thereto. The mixture was stirred at room temperature for 14 hr. The precipitated solid 
was collected by filtration to give the title compound (0.823 g) as a white powder. 
25 iH-NMR(DMSO-d 6 )52.30-2.46(1H,m) t 2.96-3.1 8(3H,m), 3.3-4.2(1 3H,m), 4.46-4.79(3H,m), 7.1 7-7.25(1 H,m), 7.33 

(1H,t,J=7.4Hz), 7.46-7.58(3H,m), 7.74(2H,d,J=7.6Hz), 7.81(1H,d,J=8.6Hz), 7.98(1 H,d,J=8.2Hz), 9.18(1H,brs), 
1 0.94(1 H.brs), 1 2.50(1 H.brs). 

Example 252 

30 

[0369] Synthesis of 3-{(2S,4S)-4-[4-(3-benz[d]isoxazolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine tri- 
hydrochloride 

(1) Hydroxylammonium hydrochloride (15 g) was dissolved in 10% aqueous sodium hydroxide solution (220 mL), 
35 and a solution of ethyl salicylate (24 g) in 1 ,4-dioxane (70 mL) was gradually added, and the mixture was stirred 

at room temperature for 5 hr. The reaction mixture was concentrated until the amount thereof became almost the 
half, and acidified with cone, hydrochloric acid. The precipitated solid was collected by filtration, which was then 
recrystallized from methanol to give salicylhydroxamic acid (12 g) as white crystals. 

(2) The above-mentioned compound (12 g) was suspended in tetrahydrofuran (30 mL) and thionyl chloride (13 
40 mL) was added thereto. The mixture was stirred at room temperature for 1 hr. The reaction mixture was concen- 
trated under reduced pressure, and the residue was dissolved in 1 ,4-dioxane (30 mL). To this solution was gradually 
added triethylamine (33 mL), and the mixture was stirred at room temperature for 2 hr. The reaction mixture was 
acidified with cone, hydrochloric acid, extracted with toluene. The extract was washed successively with water and 
brine, dried and concentrated under reduced pressure. The residue was washed with diisopropyl ether to give 

45 3-hydroxybenz[d]isoxazole (3.7 g) as a pale-brown powder. 

(3) Pyridine (1 .2 mL) and phosphorus oxychloride (2.1 mL) were added to the above-mentioned compound (2.0 
g), and the mixture was stirred at 125°C for 5 hr. Ice was added to the reaction mixture, and the mixture was 
extracted with chloroform. The extract was washed with water, dried and concentrated under reduced pressure to 
give 3-chlorobenz[d]isoxazole (1 .7 g) as a brown solid. 

so (4) Using the above-mentioned compound (1 .7 g) and piperazine (7.6 g), and in the same manner as in Example 

189 (1), 4-(3-benz[d]isoxazolyl)piperazine (0.944 g) was obtained as a gray powder. 

(5) Using the title compound (0.900 g) of Reference Example 12 and the above-mentioned compound (0.734 g), 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-4-[4-(3-benz[d]isoxazolyl)-1-piperazinyl]-1-tert-butoxy- 
carbonyl-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .5 g) was obtained as a white solid. 
55 (6) Using the above-mentioned compound (1 .0 g), and in the same manner as in Example 70 (2) , the title compound 

(0.978 g) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )52.1 9-2.35(1 H,m), 2.90-3. 16(3H,m), 3.25-3.55(4H,m), 3.60-4.15(1 0H,m), 4.47-4.75(4H,m), 
7.06-7.12(1H,m), 7.1 8-7.23(1 H,m), 7.36(1 H,d,J=7.5Hz), 7.46(1 H,d,J=7,8Hz), 9.13(1H,brs), 10.86(1H,brs) 
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Exampl 253 



(4) Using the above-mentioned compound (8.6 g), and in the same manner as in Example 252 (3) 5 brnmo 
3-chlorobenz[d] IS oxazole (7.4 g) was obtained as a white powder. ( >' ™" 
( 5 ) Usin 9 tn e above-mentioned compound (7.4 q) and DiDera™*. r?i rrt -„ri m 

mo^z^zrs^' t r o, r in a s< *" i<,n oi ooo mL) « *=*,„, 
assssassssis"-''- — ——»«»- 

Example 254 

(1) 5-Methoxysalicylic acid (41 g) was dissolved in acetonitrile (500 mL), and ethyl iodide (20 mLl and DBU n* 
andconcentrated under ^uced pressure to give a mixture (44 g) containing ethyl 5-methoxysalicylate as a brw^ 

(4) Using the above-mentioned compound (5.9 g), and in the same manner as in Example 252 (3), a mbdure (4.2 
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g) containing 3-chloro-5-hydroxybenz[d]isoxazole was obtained as a black oil. 

(5) Piperazine (1 9 g) was melted by heating at 140°C ( and the above-mentioned title compound (4.2 g) was added 
thereto. After stirring at 1 40°C for 1 hr, the mixture was poured into iced water and extracted with chloroform. After 
drying, the solvent was evaporated under reduced pressure, and th residue was diluted with ethyl acetate and 

5 extracted with 1 mol/L hydrochloric acid. The aqueous layer was basified with 2 mol/L aqueous sodium hydroxide 

solution and extracted with chloroform. After drying, the solvent was evaporated under reduced pressure to give 
4-(5-methoxy-3-benz[d]lsoxazotyl)plperazlne (804 mg) as a black solid. 

(6) Using the title compound (0.900 g) of Reference Example 12 and the above-mentioned compound (0.804 g), 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycartoonyl-4-[4-(5-methoxy-3-benz[d]isoxa- 

10 zolyl)-1 -piperazinyi]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .0 g) was obtained as white amorphous. 

(7) Using the above-mentioned compound (1 .0 g), and in the same manner as in Example 70 (2) , the title compound 
(0.693 g) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )62.20-2.40(1H,m), 2.90-3. 19(3H,m), 3.30-3.60(4H,m), 3.65-4.15(13^), 4.30-4.76(4H,m), 
6.65(1 H,dd,J=8.7 f 2.4Hz), 6.97(1 H,d,J=2.4Hz), 7.35(1 H,d,J=8.7Hz), 10.15(1 H.brs), 1 0.95(1 H.brs). 

15 

Example 255 _ — 

[0372] Synthesis of 3-{(2S,4S)-4-[4-(3-benz[d]isothiazolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyi}-1 ,3-thiazolidine 1 .5 
oxalate 

20 

(1) Using 1-(3-benz[d]isothiazolyl)plperazine (385 mg) and the title compound (500 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-4-[4-(3-benz[d]isothiazolyl)-1-piperazinyl]-1-tert-butox- 
ycarbonyl-2-pyrrolidinylcarbonyl}-1,3-thiazolidine (716 mg) was obtained as a white powder. 

(2) The above-mentioned compound (709 mg) was dissolved in methanol (10 mL), and 4 mol/L hydrochloric acid- 
25 ethyl acetate (1 0 mL) was added thereto. The mixture was stirred at room temperature for 1 9 hr. The precipitated 

solid was collected by filtration, and saturated aqueous sodium hydrogencarbonate solution was added thereto. 
The mixture was extracted with chloroform. The extract was concentrated under reduced pressure, and the residue 
was dissolved in ethanol (1 0 mL), and oxalic acid (1 30 mg) was added thereto. The precipitated solid was collected 
by filtration to give the title compound (150 mg) as a white powder. 
30 lH-NMR(DMSO-d 6 )51.60-1.81(1H,m), 2.78-2.85(4H,m), 2.89-3.24(4H,m), 3.52-3.99(7H,m), 4.43-4.74(4H,m), 

7.39- 7.48(1 H,m), 7.53-7.60(1 H,m), 8.01-8.09(2H,m). 

Example 256 

35 [0373] Synthesis of 3-{(2S,4S)-4-[4-(2-oxazolo[4,5-b]pyridyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
trihydrochloride 

(1) 2-Amino-3-hydroxypyridine (5.51 g) was dissolved in pyridine (1 00 mL), and potassium ethylxanthate (8.82 g) 
was added thereto. The mixture was refluxed for 2 hr. Iced water (400 mL) was added to the reaction mixture, and 

^o concentrated hydrochloric acid (40 mL) was added thereto. The mixture was extracted with chloroform and the 

extract was washed with brine and concentrated under reduced pressure to give 1 ,3-oxazolo[4,5-b]pyridine-2-thiol 
(5.13 g) as a pale-brown powder. 

(2) The above-mentioned compound (5 g) and 2 drops of DMF were added to thionyl chloride (20 mL). The mixture 
was refluxed for 1 hr. The reaction mixture was concentrated under reduced pressure to give 2-chloro-1 ,3-oxazolo 

45 [4,5-b]pyrldine (5.08 g) as a pale-brown powder. 

(3) Using the above-mentioned compound (3.09 g) and piperazine (5.17 g), and in the same manner as in Example 
239 (3), 1-(2-oxazolo[4,5-b]pyridyl)piperazlne (1 .15 g) was obtained as a yellowish brown powder. 

(4) Using the above-mentioned compound (1.15 g) and the title compound (0.601 g) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2-oxazolo[4,5-b]pyridyl)- 

50 1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (0.635 g) was obtained as a white solid. 

(5) Using the above-mentioned compound (635 mg), and in the same manner as in Example 186 (2), the title 
compound (293 mg) was obtained as a white powder. 

lH-NMR(DMSO-d 6 )82.02-2.30(1H,m) ) 2.83-3.00(1H,m), 3.00-3.20(2H,m), 3.20-3.48(4H,m), 3.48-4.30(9H,m), 

4.40- 4.80(3H,m), 7.16(1H,dd,J=7.8,5.4Hz), 7.95(1 H,d,J=7.8Hz), 8.22(1 H,d,J=5.4Hz), 9.09(1H,brs), 10.59(1H, 
55 brs) 
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Exampl 257 

[0374] Synthesis of 3-((2S l 4S)^-{4-[2-(1-ethoxycarbonyl-1-methylethyl)-6-imidazo[1 ,2-b]pyridaziny!]-1-piperazi- 
nyl}-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine trihydrochloride 

(1) Using ethyl 2-(6-chioroimidazo[1 > 2-b]pyridazin-2-yl)-2-methylpropionate (2.00 g) and piperazine (19.7 g), and 
by a reaction at 1 00°C in the same manner as in Example 1 96 (1 ), 1 -[2-(1 -ethoxycarbonyl-1 -methylethyl)-6-imidazo 
[1 ,2-b]pyridazinyl]piperazine (2.37 g) was obtained as an oil. 

(2) Using the above-mentioned compound (2.37 g) and the title compound (1 .87 g) of Reference Example 12, and 
in the same manner as in Example 70 (1), 3-((2S,4S)-1-tert-butoxycarbonyl-4-{4-[2-(1 -ethoxycarbonyl-1 -methyl- 
ethyl)-6-imidazo[1 ,2-b]pyridazinyl]-1 -piperazinyl}-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (3.29 g) was obtained as 
a pale-yellow solid. 

(3) The above-mentioned compound (1 .10 g) was dissolved in dichloromethane (10mL), and trifluoroacetic acid 
(5 ml_) was added thereto. The mixture was stirred at room temperature for 1 .5 nr. The solvent was evaporated 
under reduced pressure, and the residue was dissolved in ethyl acetate. 4 mol/L Hydrochloric acid-ethyl acetate 

solution-(-1-ml)-wasadded-thereto,.a^^ 

(1 .05 g) as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )51.15(3H,t,J=7.1Hz), 1.61(6H,s), 2.1 6-2.36(1 H,m), 2.90-4.80(1 9H,m), 4.10(2H,q, 
J=7.1Hz), 7.64(1 H,d,J=10Hz), 8.10(1H,d,J=10Hz), 8.22(1H,s), 9.11(1H,brs), 10.85(1 H.brs). 

Example 258 

[0375] Synthesis of 3-((2S,4S)-4-{4-[2-(1 -carboxy-1 -methylethyl)-6-imidazo[1 ,2-b]pyridazinyl]-1 -piperazinyl}-2-pyr- 
rolidinylcarbonyl)-1 ,3-thiazolidine trihydrochloride 

(1 ) 3-((2S,4S)-1 -tert-Butoxycarbonyl-4-{4-[2-(1 -ethoxycarbonyl-1 -methy!ethyl)-6-imidazo-[1 ,2-b]pyridazinyl]- 

1- piperazinyl}-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine [product of Example 257 (2), 608 mg] was dissolved in eth- 
anol (2 ml_). A solution of lithium hydroxide monohydrate (85 mg) in water (1 ml_) was added, and the mixture was 
stirred at 60°C for 2 hr. Dilute hydrochloric acid was added to the reaction mixture to make the pH 6. The mixture 
was extracted with chloroform. The extract was dried and concentrated under reduced pressure to give 3-((2S, 
4S)-1 -tert-butoxycarbonyl-4-{4-[2-(1 -carboxy-1 -methylethyl)-6-imidazo[1 ,2-b]pyridazinyl]-1 -piperazinyl}-2-pyrro- ' 
lidinylcarbonyl)-1 ,3-thiazolidine (580 mg) as a pale-yellow powder. 

(2) Using the above-mentioned compound (579 mg), and in the same manner as in Example 257 (3), the title 
compound (477 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )51.59(6H,s), 2.11-2.31(1H,m), 2.82-4.20(1 6H,m), 4.47-4.74(3H,m), 7.64(1H,d 
J=10Hz), 8.09(1 H,d,J=10Hz), 8.22(1H,s), 9.07(1H,brs), 1 0,68(1 H,brs), 12.85(1 H,brs). 

Example 259 

[0376] Synthesis of 3-{(2S,4S)-4-[4-(2-methyl-4-quinolyl)-1-pipera^^ tri- 
hydrochloride 

(1 ) Phosphorus oxychloride (30 mL) was added to 4-hydroxy-2-methylquinoline (1 0 g), and the mixture was stirred 
at room temperature for 30 min. The reaction mixture was concentrated under reduced pressure, and saturated 
aqueous sodium carbonate solution was added to the residue under ice-cooling. The mixture was extracted with 
ethyl acetate. The extract was washed with brine, and concentrated under reduced pressure to give 4-chloro- 

2- methylquinoline (1 1 .2 g) as a black oil. 

(2) Using the above-mentioned compound (5.33 g) and piperazine (25.8 g), and in the same manner as in Example 
189 (1), 1-(2-methyl-4-quinolyl)piperazine (4.19 g). 

(3) Using the above-mentioned compound (500 mg) and the title compound (601 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2-methyM-quinolyl)-1-pip- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .1 5 g) was obtained as a pale-yellow oil. 

(4) Using the above-mentioned compound (1.15 g), and in the same manner as in Example 186 (2), the title 
compound (0.863 g) was obtained as a pale-brown powder. 

1 H-NMR(DMSO-d 6 )S2.20-2.42(1H,m), 2.81 (3H,s), 2.91-3.20(3H,m), 3.30-4.26(1 3H,m), 4.44-4.87(3H f m), 7.35 
(1H.S), 7.73(1 H,t,J=7.6Hz), 8.00(1 H,t,J=7.6Hz), 8.16(1H,d,J=8.4Hz), 8.24(1 H,d,J=8.4Hz) 
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Example 260 

[0377] Synthesis of 3-{(2S,4R)-4-[4-(2-trlfluoromethyl-4-qulnolyl)-1 -plperaziny1]-2-pyrrolidlny1carbonyl}-1 ,3-thiazoli- 
dlne dihydrochloride 

5 

(1) Diethanolamine (20 ml_) was added to 4-chloro-2-trifluoromethylquinolin (5.04 g), and the mixture was stirred 
at 80°C for 19 hr. Brine was added to the reaction mixture, and the mixture was extracted with ethyl acetate. The 
extract was dried and concentrated under reduced pressure. The residue was purified by silica gel ch romatography 
to give 4-[N,N-bis(2-hydroxyethyl)amino]-2-trifluoromethylquinoline (3.40 g) as a white powder. 

10 (2) The above-mentioned compound (1.77 g) and triethylamine (2.63 mL) were dissolved in ethyl acetate (100 

mL), and methanesulfonyl chloride (1 .28 mL) was added under ice-cooling. The mixture was stirred at room tem- 
perature for 30 min. The precipitated solid was collected by filtration, and the filtrate was concentrated under 
reduced pressure to give dimesylate as an oil. This was dissolved in N-methyl-2-pyrrolidone (100 mL), and the 
title compound (2.02 g) of Reference Example 15 and N p N-diisopropylethylamine (3.10 mL) were added thereto. 

is The mixture was stirred at 100°C for 15 hr. 10% Aqueous citric acid solution was added to the reaction mixture, 

and the mixture was extracted with ethyl ac etate. The extract was washed successively with saturated aqueous 
sodium hydrogencarbonate solution and brine, dried and concentrated under reduced pressure. The residue was 
purified by silica gel chromatography to give 3-{(2S,4R)-1-tert-butoxycarbonyl-4-[4-(2-trifluoromethyl-4-quinolyl)- 
1-piperazinyl]-2-pyrrolidinylcarbonyl}-1,3-thiazolidine (0.248 g) as a pale-brown powder. 

20 (3) Using the above-mentioned compound (246 mg), and in the same manner as in Example 133 (2), the title 

compound (101 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )62.40-2.50(1H,m), 3.00-3.1 8(3H,m), 3.59-3.95(12H,m), 4.12-4.22(1H,m), 4.47-5.03 
(3H,m), 7.39(1H,s), 7.75(1 H,t,J=7.9Hz), 7.88-7.91 (1H,m), 8.12-8.14(2H,m), 9.30(1H,brs) ( 1 0.75(1 H.brs). 

25 Example 261 

[0378] Synthesis of 3-{(2S,4S)-4-[4-(7-trifluoromethyl-4-quinolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazoli- 
dine trihydrochloride 

30 (1) Using 4-chloro-7-(trifluoromethyl)quinoline (2.5 g) and piperazine (9.30 g), and in the same manner as in Ex- 

ample 189 (1), 1-(7-trifluoromethyl-4-quinolyl)piperazine (3.04 g) was obtained as a pale-brown solid. 

(2) Using the above-mentioned compound (619 mg) and the title compound (601 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(7-trifluoromethyl-4-quinolyl)- 
1-piperazinyl]-2-pyrrolidinylcarbonyl}-1,3-thiazolidine (458 mg) was obtained as a pale-yellow oil. 

35 (3) Using the above-mentioned compound (458 mg), and in the same manner as in Example 186 (2), the title 

compound (282 mg) was obtained as a brown powder. 

1 H-NMR(DMSO-d 6 )52.20-2.47(1 H,m), 2.90-3.20(3H,m), 3.30-4.30(13H,m) f 4.45-4.85(3H,m), 7.46(1 H,d, 
J=6.7Hz), 7.98(1 H,dd t J=9.0, 1.5Hz), 8.43(1 H,d,J=8.9Hz), 8.62(1 H,s), 8.96(1 H,d,J=6.7Hz). 

40 Example 262 

[0379] Synthesis of 3-{(2S,4S)-4-[4-(2-methoxycaroonyl-4-quinolyl)-1-piperazinyl]-2-pyrrolidlnylcarbonyl}-1 ,3-thia- 
zolidine trihydrochloride 

*s (1) Phosphorus oxychloride (100 mL) was added to kynurenic acid (25 g). The mixture was refluxedfor 6 hr. The 

reaction mixture was concentrated under reduced pressure, and the residue was dissolved in 1,4-dioxane (100 
mL). Aqueous ammonia (400 mL) was dropwise added thereto under ice-cooling. Water (500 mL) was added 
thereto, and the mixture was extracted with chloroform. The extract was washed with brine and concentrated under 
reduced pressure to give 4-chloroquinoline-2-carboxamide (27.3 g) as a black purple solid. 

so (2) Piperazine (12.9 g) was suspended in N-methyl-2-pyrrolidone (170 mL) and the above-mentioned compound 

(1 0.3 g) was added thereto. The mixture was stirred at 80°C with heating. The reaction mixture was concentrated 
under reduced pressure, and the residue was added to 1 mo!/L hydrochloric acid (150 mL), and the mixture was 
washed with chloroform. The mixture was basified with aqueous sodium hydroxide solution, and the mixture was 
extracted with chloroform. The extract was concentrated under reduced pressure to give 1 -(2-carbamoyl-4-qui- 

55 nolyl)piperazine (35.18 g) as a pale-yellow powder. 

(3) Using the above-mentioned compound (2.54 g) and the title compound (1 .26 g) of Reference Example 12, and 
In the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2-carbamoyl-4-quinolyl)-1-pip- 
erazinyI]-2-pyrrolidinylcarbonyl}-1,3-thiazolidine (2.19 g). 
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(4) The above-mentioned compound (2.19 g) and imidazol (0.551 g) were dissolved in pyridine (20 mL), and 
phosphorus oxychloride (1 .51 mL) was dropwise added to the r action mixture under ice-cooling. The mixture was 
stirred under ice-cooling for 1 hr. Saturated aqueous sodium hydrogencarbonate solution was added to the reaction 
mixture, and the mixture was extracted with chloroform. The extract was concentrated under reduced pr ssure 

5 and the residue was purified by silica gel chromatography to give 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-cyano- 

4-quinolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (0.658 g) as a red orang solid. 

(5) 5.6 mol/L Hydrochloric acld-methanol (30 mL) was added to the above-mentioned compound (992 mg), and 
the mixture was stirred at room temperature for 24 hr. The reaction mixture was concentrated under reduced 
pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was 

10 extracted with chloroform and the extract was concentrated under reduced pressure. The residue was purified by 
silica gel chromatography to give a free base (670 mg) of the title compound as a pale-yellow oil. This was dissolved 
in methanol (10 mL), and 5.6 mol/L hydrochloric acid-methanol (0.79 mL) was added thereto. The mixture was 
concentrated under reduced pressure to give the title compound (615 mg) as a pale-yellow powder. 
1 H-NMR(DMSO-d 6 )52.20,-2.56(1H l m), 2.82-3.20(3H,m), 3.40-4.30(1 3H,m), 4.00(3H,s), 4.41-4.82(3H,m), 7.63 
15 (1H,s), 7.75(1 H,t,J=7.8Hz), 7.93(1 H,t,J=7.8Hz), 8.17(1H,d,J=7.8Hz), 8.24(1 H,d,J=7.8Hz), 9.20(1 H.brs), 11.05 
(-1Hbrs), ___________ __ — - 

Example 263 

20 [0380] Synthesis of 3-{(2S,4S)-4-[4-(2-ca!_amoyl-4-quinolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
trihydrochloride 

[0381] Using 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-carbamoyl-4-quinolyl)-1 -piperazinyi] -2-pyrrolidinylcarbonyl}- 
1 ,3-thiazolidine [product of Example 262 (3), 1 .05 g], and in the same manner as in Example 186 (2), the title compound 
(696 mg) was obtained as a brown powder. 
25 lH-NMR(DMSO-d 6 )52.20_.42(1H,m), 2.89-3.20(3H,m), 3.30-4.30(1 3H,m), 4.44-4.83(3H,m), 7.73(1 H,t,J-8.0Hz), 
7,87(1 H,s), 7.95(1 H,t,J=8.0Hz), 8.17(1H,d,J=8.0Hz), 8.24(1 H,brs), 8.28(1 H,d,J=8.0Hz), 8.86(1 H.brs), 9.18(1H,brs), 
10.89(1 H.brs). 

Example 264 

30 

[0382] Synthesis of 3-{(2S,4S)-4-[4-(3-exycarbonyl-4-quinolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolid- 
ine trihydrochloride 

(1) Diethyl ethoxymethylenemalonate (115 g) was dropwise added to aniline (50 g), and the mixture was refluxed 
35 for 1 hr. The resulting ethanol was evaporated under atmospheric pressure, and the residue was heated at 200°C 

and poured into diphenyl ether (750 mL). The mixture was stirred at 220 - 250°C for 2 hr with heating. The resulting 
ethanol was again evaporated under atmospheric pressure, and the reaction mixture was allowed to cool to room 
temperature. The precipitated solid was collected by filtration and washed with hexane to give ethyl 4-hydroxyqui- 
noline-3-carboxylate (51 .0 g) as a white powder. 
40 (2) The above-mentioned compound (51.0 g) was added to phosphorus oxychloride (121 mL), and the mixture 

was stirred at 60 -70°C for 2 hr with heating. The reaction mixture was concentrated under reduced pressure, and 
the residue was added to iced water (1 L). The mixture was basified with 1 mol/L aqueous sodium hydroxide 
solution (500 mL) and sodium hydrogencarbonate. The mixture was extracted with ethyl acetate, washed with 
brine and concentrated under reduced pressure to give ethyl 4-chloroquinoline-3-carboxylate (54.2 g) as a pale- 
45 brown solid. 

(3) Piperazine (12.9 g) was dissolved in DMF (100 mL), and a solution of the above-mentioned compound (11.8 
g) in DMF (1 00 mL) was added thereto. The mixture was stirred at room temperature for 1 hr. The reaction mixture 
was added to iced water (500 mL), and the mixture was extracted with ethyl acetate. The extract was washed 
successively with water and brine, and concentrated under reduced pressure to give 1-(2-ethoxycarbonyl-4-qui- 

50 nolyl)piperazine (7.92 g) as a pale-yellow solid. 

(4) Using the above-mentioned compound (3.42 g) and the title compound (2.70 g) of Reference Example 1 2, and 
in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-t4-(3-ethoxycarbonyl-4-quinolyl)- 
1 -piperazinyl] _-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (4.57 g) was obtained as a pale-yellow powder. 

(5) The above-mentioned compound (600 mg) was dissolved in ethanol (20 mL), and 4.1 mol/L hydrochloric acid- 
55 ethanol (10 mL) was added thereto. The mixture was stirred at room temperature for 24 hr. The reaction mixture 

was concentrated under reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was added 
to the residue. The mixture was extracted with chloroform and th extract was concentrated under reduc d pres- 
sure. The residue was purified by silica gel chromatography to give a free base (269 mg) of the title compound. 
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This was dissolved in ethanol (5 mL) and 4.1 mol/L hydrochloric acid-ethanol(0.42 mL) was added thereto. The 
mixture was concentrated under reduced pressure to give the title compound (253 mg) as a pale-yellow powder. 
1 H-NMR(DMSO-d 6 )81 .41 (3H,t,J=6.9Hz), 2,22-2.46(1 H,m), 2.90-3.20(3H,m), 3.30-4.30(1 3H,m), 4.33-4,82(5H,m), 
7.80(1 H,t,J=7.8Hz), 8.02(1 H.t.^.SHz), 8.19(1H,d,J=7.8Hz), 8.27(1 H,d,J=7.8Hz), 9.02(1H f s), 9.15(1H,brs), 
5 1 0.88(1 H,brs). 

Example 265 

[0383] Synthesis of 3-{(2S,4S)-4-[4-(2-cyano-4-quino!yl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihy- 
10 drochloride 

[0384] 3-{(2S,4S)-1-tert-Butoxycarbonyl-4-[4-(2-cyano-4-quin^ 

lidine [product of Example 262(4), 658 mg] was dissolved in chloroform (10 mL), and 4 mol/L hydrochloric acid-ethyl 
acetate (5 mL) was added thereto. The mixture was stirred at room temperature for 24 hr. The solvent was evaporated 
under reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The 
is mixture was extracted with chloroform and the extract was concentrated under reduced pressure. The residue was 

purified by silica gel chromatography to give a free base (435 mg)of-the title compound.-This was dissolved in ethanol 

(20 mL), and 4.1 mol/L hydrochloric acid-ethanol (0.75 mL) was added thereto. 

[0385] The mixture was concentrated under reduced pressure to give the title compound (353 mg) as a pale-yellow 
powder. 

20 iH-NMR(DMSO-d 6 )62.20-2.45(1H,m), 2.90-3.20(3H,m), 3.30-4.22(13H,m), 4.43-4.80(3H,m), 7.63(1 H,s), 7.75(1 H,t, 
J=7.8Hz), 7.89(1 H,t,J=7.8z), 8,01 -8.1 9(2H,m), 9.17(1H,brs), 10.71(1H,brs). 

Example 266 

25 [0386] Synthesis of 3-{(2S,4S)-4-[4-(2-phenyl-4-quinolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine tri- 
hydrochloride 

(1) Using 4-chloro-2-pheriylquinoline (2.50 g) and piperazine (8.98 g), and in the same manner as in Example 268 
(1), 1-(2-phenyl-4-quinolyl)piperazine (2.72 g) was obtained. 
30 (2) Using the above-mentioned compound (1 .01 g) and the title compound (1 .00 g) of Reference Example 12, and 

in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-phenyl-4-quinoly1)-1 -piperazi- 
nyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .77 g) was obtained as a white powder. 

(3) The above-mentioned compound (1.75 g) was dissolved in methanol (10 mL), and 4 mol/L hydrochloric acid- 
ethyl acetate (10 mL) was added thereto. The mixture was stirred at room temperature for 14 hr. The precipitated 
35 solid was collected by filtration to give the title compound (0.970 g) as a white powder. 

lH-NMR(DMSO-d 6 )52.20-2.45(1H,m), 2.90-3.1 7(3H,m), 3.28-4.00(1 3H,m), 4.42-4.80(3H,m), 7.57(1 H,s), 
7.61-7.82(4H,m), 7.95-8.08(1 H,m), 8.16-8.31 (3H,m), 8.50(1 H,d,J=8.7Hz), 9.15(1H,brs), 11.06(1 H.brs). 

Example 267 

40 

[0387] Synthesis of 3-{(2S,4S)-4-[4-(2-amino-4-quinolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1,3-thiaz 
drochloride 

(1) Bromine (2.32 mL) was dissolved in 5% aqueous potassium hydroxide solution (190 mL), and a solution of 
45 4-chloroquinoline-2-carboxamide [product of Example 262 (1), 9.80 g] in tetrahydrofuran (190 mL) was dropwise 

added thereto. The mixture was stirred at room temperature for 30 min, and the mixture was stirred at 80°C for 1 
hr with heating. The reaction mixture was filtrated and the filtrate was added to water. The mixture was extracted 
with chloroform, and the extract was washed with brine and concentrated under reduced pressure. The residue 
was purified by silica gel chromatography to give 2-amino-4-chloroquinoline (1 .98 g) as a pale-yellow solid. 
so (2) Using the above-mentioned compound (1 .98 g) and piperazine (1 9.1 g), and in the same manner as in Example 

189 (1), 1-(2-amino-4-quinolyl)piperazine (1 .85 g) was obtained as a pale-brown powder. 
(3) Using the above-mentioned compound (913 mg) and the title compound (901 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2-amino-4-quinolyl)-1-pip- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (465 mg) was obtained as a white solid. 
55 (4) Using the above-mentioned compound (465 mg), and in the same manner as in Example 186 (2), the title 

compound (439 mg) was obtained as a white powder. 

iH-NMR(DMSO-d 6 )52.20.2.42(1H,m),2.86-3.20(3H,m),3.30-4.30(13H,m),4.41-4.84(3H,s) ) 6.52(1 H,s), 7.46(1 H, 
t,J=8.1Hz), 7.59-7.82(2H f m), 7.91 (1 H,d,J=8.1 Hz), 8.33(2H,brs), 9.14(1H,brs), 10.85(1 H.brs), 13.79(1H,brs) 
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(1) Piperazine (65.2 g) was melted by heating at 120°C, and 4,7-dichloroquinoline (15.0 g) was added thereto 
Th mlxturewasstlrredat120»Cfor2.5hrandthereactlonmixturewasaddedtowater.Th mixtur wasextract d 
with chloroform and concentrat d under reduced pressure to give 1-(7-chloro-4-quinolyl)piperazine (7 72 g) 
2) Using the above-mentioned compound (0.87 g) and the title compound (1 .00 g) of Reference Example 12 and 
In the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(7-chloro-4-quinolyl)-1 -piperazi- 
nyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .65 g) was obtained as a white powder. 

(3) The above-mentioned compound (1 .64 g) was suspended in methanol (1 0 mL), and 4 mol/L hydrochloric acid- 
ethyl acetate (8.0 mL) was added thereto. The mixture was stirred at room temperature for 1 3 hr. The precipitated 
solid was collected by filtration to give the title compound (1 .04 g) as a white powder. 

iH-NMR(DMSO-d6)82.1 0-2.37(1 H,m), 2.84-4.00(1 6H,m), 4.41 -4.82(3H,m), 7.36(1 H,d,J=6 9Hz) 7 77(1Hdd 
^=9.0^,8Hz)^22(-1H,d,J=9^ 



Example 269 
[ 1°3-^ 

(1) 2-Methylaniline (5.00 g) was dissolved in 75% phosphoric acid (20 mL), and ethyl trifluoroacetoacetate (8 60 
g) was dropwise added thereto at 105°C. The mixture was stirred at 105'C for 5.5 hr. After allowing to cool the 
reaction mixture was added to water. The precipitated solid was collected by filtration to give 2-trifluoromethyl- 
4-hydroxy-8-methylquinoline (1 .84 g). 

(2) The above-mentioned compound (1 .82 g) was dissolved in phosphorus oxychloride (8.00 mL), and the mixture 
was stirred at 70°C for 2.5 hr. The reaction mixture was concentrated under reduced pressure and saturated 
aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was extracted with chloroform 
and the extract was concentrated under reduced pressure to give 4-chloro-2-trifluoromethyl-8-methylquinoline 
(1.66 g). 

S D U Hx n9 ^o f b ° ve - mentioned impound (1 .65 g) and piperazine (4.00 g), and in the same manner as in Example 
268 (1 ), 1 -(2-trifluoromethyl-8-methyl-4-quinolyl)piperazine (1 .57 g) was obtained 

(4) Using the above-mentioned compound (1 .03 g) and the title compound (1 .00 g) of Reference Example 1 2 and 
in ttie same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-trifluoromethyl-8-methyl-4-qui- 
nolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (1 .81 g) was obtained as a white powder. 

(5) Using the above-mentioned compound (1.80 g), and in the same manner as in Example 268 (3) the title 
compound (1 .30 g) was obtained as a white powder. 

lH-NMR(DMSO-d 6 )62.20-2.45(1H,m), 2.72(3H,s), 2.90-3.2.0(3H,m), 3.25-4.25(13H,m), 4.44^.82(3H m) 7 40 
(1H,sW.63(1H,dd,J=8.3,6.9Hz), 7.75(1 H,d,J=6.9Hz), 7.93(1 H,d,J=8.3Hz). 9.12(1H,brs), 1 0.85(1 H,b«), 12.65 

Example 270 

(1) 4-Hydroxy-2,6-bis(trifluoromethyl)quinoline (1.28 g) was dissolved in phosphorus oxychloride (5.0 mL) and 
the mixture was stirred at room temperature for 17 hr. The reaction mixture was concentrated under reduced 
pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue The mixture was 
extracted with chloroform and concentrated under reduced pressure to give 4-chloro-2,6-bis(trifluoromethyl)quin- 
oline (1 .1 f g). 

flof^lf^ -^ntioned compound (1 .14 g) and piperazine (3.29 g), and in the same manner as In Example 
1 89 (1 ), 1 -[2,6-bis(trrfluoromethylM-quinolyl]piperazine (870 mg) was obtained. 

(3) Using the above-mentioned compound (0.860 g) and the title compound (0.86 g) of Reference Example 12 
and in the same manner as in Example 70 (1), 3-((2S,4S)-1-tert-butoxycarbonyl-4-{4-[2,6-bis(trifluoromethyl)- 
4-qu.nolyl]-1 -piperaz.nyl}-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (1 .55 g) was obtained as a white powder 
(3) Using the above-mentioned compound (1.54 g), and in the same manner as in Example 268 (3) the title 
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compound (860 mg) was obtained as a whit powder. 

lH-NMR(DMSO-d 6 )62.11-2.46(1H J m),2.72-4.20(16H,m) f 4.35-4.89(3H l m), 7.54(1 H,s), 8.14(1 H,dd,J=9.0,1 .2Hz), 
8.33(1 H,d,J=9.0Hz), 8.38(1 H,d,J=1 .2Hz), 9.24(1 H.brs), 10.88(1 H,brs). 

Example 271 

[0391] Synthesis of 3-((2S,4S)-4-{4-[2,8-bis(trffluoro^ 
1 ,3-thiazolidine dihydrochloride 

(1) Using 4-chloro-2,8-bis(trifiuoromethyl)quinoline (0.500 g) and piperazine (7.19 g), and in the same manner as 
in Example 189 (1), 1-[2,8-bis(trifluoromethyl)-4-quinolyl]pipera2ine (0.519 g) was obtained as a pale-brown solid. 

(2) Using the above-mentioned compound (519 mg) and the title compound (406 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-{4-[2,8-bis(trifluoromethyl)- 
4-quinolyl]-1-piperazinyl}-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (631 mg) was obtained as a white powder. 

(3) Using the above-mentioned compound (547 mg), and in the same manner as in Example 186 (2), the title 
compound-(362mg)-was-obtained asawhitepowder. 

1 H-NMR(DMSO-d 6 )82.11 -2.45(1 H,m), 2.86-3.20(3H,m), 3.30-4.30(1 3H,m), 4.45-4.86(3H,m), 7.52(1H,s), 7.85 
(1H,t,J=8.4Hz), 8.31(1H,d,J=8.4Hz), 8.42(1 H,d,J=8.4Hz). 

Example 272 

[0392] Synthesis of 3-{(2S,4S)-4-[4-(2-trifluoromethyl-6-methoxy-4-quinolyl)-1-piperazinyl]-2-pyrrolidinylcaitony 
1 ,3-thiazolidine trihydrochloride 

(1) 4-Methoxyaniline (5.00 g) was dissolved in 75% phosphoric acid (20 ml_) and ethyl trifluoroacetoacetate (7.48 
g) was dropwise added thereto at 1 1 0°C. The mixture was stirred at 1 1 0°C for 4 hr with heating. After allowing to 
cool, the reaction mixture was added to saturated aqueous natrim hydrogencarbonate solution, and the mixture 
was extracted with ethyl acetate. The extract was dried and the solvent was evaporated under reduced pressure. 
The residue was purified by silica gel chromatography to give 2-trifluoromethyl-4-hydroxy-6-methoxyquinoline 
(0.450 g). 

(2) Using the above-mentioned compound (450 mg), and in the same manner as in Example 270 (1), 4-chloro- 
2-trifluoromethyl-6-methoxyquinoline (410 mg) was obtained as a white powder. 

(3) Using the above-mentioned compound (0.41 0 g) and piperazine (1 .32 g), and in the same manner as in Example 
189 (1), 1-(2-trifluoromethyl-6-methoxy-4-quinolyl)piperazine (0.450 g) was obtained. 

(4) Using the above-mentioned compound (450 mg) and the title compound (430 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-trif luoromethyl-6-methoxy- 
4-quinolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (660 mg) was obtained as a white powder. 

(5) Using the above-mentioned compound (660 mg), and in the same manner as in Example 268 (3), the title 
compound (290 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )52.34-2.54(1H,m), 2.93-3.21 (3H,m), 3.31 -4.30(1 3H,m), 3.97(3H,s), 4.45-4.85(3H,m), 7.31 
(1H,d,J=2.7Hz), 7.38(1 H f s), 7.55(1 H,dd,J=9.3,2.7Hz), 8.06(1 H,d,J=9.3Hz), 9.18(1H,brs), 11.84(1H,brs), 12.78 
(1H,brs). 

Example 273 

[0393] Synthesis of 3-{(2S,4S)-4-[4-(2-trifluoromethyl-7-m^ 
1 ,3-thiazolidine dihydrochloride 

(1 ) Using 3-methoxyaniline (20.0 g) and ethyl trifluoroacetoacetate (29.9 g), and in the same manner as in Example 
269 (1), 2-trifluoromethyl-4-hydroxy-7-methoxyquinoline (860 mg) was obtained. 

(2) Using the above-mentioned compound (850 mg), and in the same manner as in Example 269 (2), 4-chloro- 
2-trifluoromethyl-7-methoxyquincline (820 mg) was obtained as a white powder. 

(3) Using the above-mentioned compound (0.820 g) and piperazine (4.00 g), and In the same manner as in Example 
189 (1), 1-(2-trifluoromethyl-7-methoxy-4-quinolyl)piperazine (0.840 g) was obtained. 

(4) Using the above-mentioned compound (0.830 g) and the title compound (0.800 g) of Reference Example 12, 
and in the same manner as in Example 70 (1),3-{(2S J 4S)-1-tert-butoxycarbonyl-4-[4-(2-trifluoromethyl-7-methoxy- 
4-quinolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1.25 g) was obtained as a white powder. 

(5) Using the above-mentioned compound (1.24 g), and in the same manner as in Example 268 (3), the title 
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compound (0.900 g) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )52.28-2.48(1H,m), 2.95-3.20(3H,m), 3.21-3.97(12H,m), 3.95(3H,s), 4.03-4.24(1 H.m), 
4.44-4.83(38,111), 7.25(1H,s), 7.36(1 H,dd,J=9.9,2.6H2) t 7.51(1H,d,J=2.6Hz), 8.04(1 H,d,J=9.9Hz), 9.16(1H,brs), 
11.69(1H,brs). 

Exampl 274 

[0394] Synthesis of 3-{(2S,4S)-4-[4-(2-trifluoromethyl-8-methoxy-4-quinolyl)-1-piperazinyl]-2-pyrrolidinylca 
1 ,3-thiazolidine dihydrochloride 

(1 ) Using 2-methoxyani!ine (10.0 g) and ethyl trifluoroacetoacetate (14.5 g), and in the same manner as in Example 
269 (1 ), 2-trifluoromethyl-4-hydroxy-B-methoxyquinoline (2.03 g) was obtained. 

(2) Using the above-mentioned compound (2.00 g), and in the same manner as in Example 269 (2), 4-chloro- 
2-trifluoromethyl-8-methoxyquinoline (1 .95 g) was obtained as a white powder. Using the above-mentioned com- 
pound (1.95 g) and piperazine (8.00 g), and in the same manner as in Example 189 (1), 1 -(2-trifluoromethyl- 

8HgieJJipxyj^ujnolvl)pi perazi (2.14 p) was obtained. 

(4) Using the above-mentioned compound (1 .60 g) and the title compound (1 .01 g) of Reference Example 12, and 
in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2-trifluoromethyl-8-methoxy- 
4-quinolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ( 3-thiazolidine (1 .01 g) was obtained as a white powder. 

(5) Using the above-mentioned compound (1.01 g), and in the same manner as in Example 268 (3), the title 
compound (0.640 g) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )52.15-2.39(1H,m), 2.80-3.1 9(3H,m), 3.20-4.1 8(1 3H,m), 3.99(3H,s), 4.40-4 78(3H m) 
7.29-7.33(1 H,m), 7.35(1H,s), 7.60«7.69(2H,m), 9.14(1H,brs), 10.71(1H t brs), 12.61(1H,brs). 

Example 275 

[0395J Synthesis of 3-{(2S l 4S)-4-[4-(8-fluoro-2-trifluoromethyl-4-quinolyl)-1-piperazinyll-2-pyrroIidinyl^^^ 
1 ,3-thiazolidine dihydrochloride 

(1) 2-Fluoroaniline (10.0 g), ethyl trifluoroacetoacetate (16.6 g) and concentrated hydrochloric acid (0.1 mL) were 
dissolved in benzene (40 mL), and the mixture was refluxed in a reaction vessel equipped with Dean-Stark trap 
for 7 hr. The reaction mixture was concentrated under reduced pressure and 75% phosphoric acid (40 mL) was 
added thereto. The mixture was stirred at 110°C for 5 hr. The reaction mixture was added to water, neutralized 
with sodium hydrogencarbonate, and extracted with ethyl acetate. The extract was concentrated under reduced 
pressure to give 8-fluoro-4-hydroxy-2-trif luoromethylquinoline (1 .77 g). 

(2) Using the above-mentioned compound (1 .77 g), and in the same manner as in Example 269 (2), 4-chloro- 
8-fluoro-2-trifluoromethylquinoline (1 .70 g) was obtained as a white powder. 

(3) The above-mentioned compound (1.45 g), piperazine (0.5 g) and N,N-diisopropylethylamine (0.751 g) were 
dissolved in DMF (25 mL), and the mixture was stirred at 70°C for 6.5 hr. The reaction mixture was added to water, 
and the mixture was extracted with chloroform. The extract was concentrated under reduced pressure and the 
residue was purified by silica gel chromatography to give 1 -(8-fluoro-2-trif luoromethyl-4-quinolyl)piperazine (0 1 87 
9)- 

(4) Using the above-mentioned compound (1 86 mg) and the title compound (1 87 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(8-fluoro-2-trifluoromethyl- 
4-quinolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (302 mg) was obtained as a white powder. 

(5) Using the above-mentioned compound (302 mg), and in the same manner as in Example 186 (2), the title 
compound (150 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )52.23-2.48(1 H,m), 2.91-3.20(3H,m), 3.21 -3.89(1 1H,m), 3.90-3.99(1 H,m), 4.00-4.22(1 H,m), 
4.45-4.85(3H,m), 7.46(1H,s), 7.65-7.78(2H,m), 7.89-8.01 (1H,m), 9.16(1H,brs), 11 .02(1H,brs). 

Example 276 

[0396] Synthesis of 3-{(2S,4S)-4-[4-(6-chloro-2-trifluoromethyl-4-quinolyl)-1-piperazinyl]-2-pyrrolidinv 
1 ,3-thiazolidine dihydrochloride 

(1) 4-Chloroaniline (5.00 g) was dissolved in 75% phosphoric acid (20 mL), and ethyl trifluoroacetoacetate (8.60 
g) was dropwise added thereto at 110°C. The mixture was stirred at 110°C for 4 hr, and then at 130°C for 7 hr. 
After allowing to cool, water was added thereto. The precipitated solid was collected by filtration to give 2-trifluor- 
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omethyl-4-hydroxy-6-methoxyquinoline (0.800 g). 

(2) Using the above-mentioned compound (800 mg) and In the same manner as in Example 270 (1), 4,6-dichloro- 
2-trifluoromethylquinoline (540 mg) was obtained as a white powder. 

(3) Using the above-mentioned compound (0.54 g) and piperazine (1 .50 g), and in the same manner as in Example 
s 189 (1), 1-(6-chloro-2-trifluoromethyl-4-quinolyl)piperazine (0.490 g) was obtained. 

(4) Using the above-mentioned compound (480 mg) and the title compound (460 mg) of Reference Example 12, 
and In the same manner as In Example 70 (1), 3-{(2S f 4S)-1-tert-butoxycarbonyl-4-[4-(6-chloro-2-trtfluoromethyl- 
4-quinolyl)-1-piperazinyl)-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (740 mg) was obtained as a white powder. 

(5) Using the above-mentioned compound (730 mg), and in the same manner as in Example 268 (3), the title 
10 compound (550 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )52.45-2.70(1H,m), 2.80-4.06(1 4H,m),4.39-4.78(5H,m), 7.42(1 H,s), 7.90(1 H,d,J=9.0Hz), 8.08 
(1H,d,J=2.7Hz), 8.14(1H,dd,J=9.0Hz,2.7Hz), 9.10(1H,brs), 1 0.08(1 H.brs). 

Example 277 

15 

[0397]— Synthesis- ~of--3-{(2S,4SH-[4-(8-ch!oro-2-trifluoro^ — 

1 ,3-thiazolidine dihydrochloride 

(1) Using 2-chloroaniline (20.0 g), and In the same manner as in Example 275 (1), 8-chloro-4-hydroxy-2-trifluor- 
20 omethylquinoline (3.20 g) was obtained. 

(2) Using the above-mentioned compound (3.17 g), and in the same manner as in Example 269 (2), 4,8-dichloro- 
2-trifluoromethylquinoline (2.30 g) was obtained as a white powder. 

(3) Using the above-mentioned compound (2.30 g), and in the same manner as in Example 275 (3), 1-(8-chloro- 
2-trifluoromethyl-4-quinolyl)piperazine (0.950 g) was obtained. 

25 (4) Using the above-mentioned compound (0.950 g) and the title compound (0.900 g) of Reference Example 12, 

and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(8-chloro-2-trifluoromethyl- 
4-quinolyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .20 g) was obtained as a white powder. 
(5) Using the above-mentioned compound (1.18 g), and in the same manner as in Example 268 (3), the title 
compound (0.790 g) was obtained as a white powder. 

30 iH-NMR(DMSO-d 6 )52.22-2.53(1H,m), 2.90-3.23,(3H,m), 3.24-3.89(1 1H,m), 3.90-4.01 (1H,m), 4.07-4.22(1 H,m) 

4.44-4.85(3H,m) ( 7.49(1H,s), 7.62-7.75(1 H,m), 7.99-8.1 8(2H,m), 9.18(1H,brs), 11 .09(1H,brs). 

Example 278 

35 [0398] Synthesis of 3-{(2S,4S)-4-[4-(4-cyano-1 -isoquinolyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
trihydrochloride 

(1) 4-Bromo-1-hydroxyisoquinoline (1 .56 g) was dissolved in N-methyl-2-pyrrolidine (25 ml_), and copper cyanide 
(1 .56 g) was added thereto. The mixture was stirred at 1 80°C for 4 hr with heating. The reaction mixture was added 

40 to cool to 1 00°C and added to an aqueous solution (1 25 mL) of sodium cyanide (31 .25 g). The mixture was extracted 

with dichloromethane and the extract was dried and concentrated under reduced pressure. The residue was pu- 
rified by silica gel chromatography to give 4-cyano-1 -hydroxyisoquinoline (0.62 g) as a pale-yellow solid. 

(2) The above-mentioned compound (91 6 mg) was dissolved in phosphorus oxychloride (10 mL), and the mixture 
was stirred at 70°C for 5 hr with heating. Phosphorus oxychloride was evaporated under reduced pressure, and 

45 saturated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was extracted with 

ethyl acetate, and the extract was washed with brine, dried and concentrated under reduced pressure. The residue 
was purified by silica gel chromatography to give 1-chloro-4-cyanoisoquinoline (704 mg) as a white solid. 

(3) Piperazine (4.6 g) was melted by heating at 140°C and the above-mentioned compound (0.500 g) was added 
thereto. The mixture was stirred at 1 40°C for 2 hr and water was added to the reaction mixture. The mixture was 

so extracted with chloroform, and the extract was washed with brine, dried and concentrated under reduced pressure 

to give 1-(4-cyano-1-isoquinolyl)piperazine (0.491 g) as a dark brown solid. 

(4) Using the above-mentioned compound (252 mg) and the title compound (300 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(4-cyano-1 -isoquinolyl)-1 -pip- 
erazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (494 mg) was obtained as a pale-yellow solid. 

55 1H-NMR(CDCI 3 )81.41(4.5H,S), 1 .46(4.5H,s), 1 .87-2.02(1 H,m), 2.41 -2.55(1 H,m), 2.61-2.80(4H,m), 2.84-3.32(3H, 

m), 3.35(1 H,dt,J=2.7,10.0Hz), 3.62-4.1 6(7H,m), 4.40-4.82(3H,m), 7.59(1 H,t,J=8.1 Hz), 7.77(1 H,t,J=8.1 Hz), 8.01 
(1H,d,J=8.1Hz), 8.07(1 H,d,J=8.1 Hz), 8.46(1 H,s). 

(5) The above-mentioned compound (490 mg) was dissolved in tetrahydrofuran (5 mL), and 4 mol/L hydrochloric 
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acid-ethyl acetate (2.5 ml_) was added ther to. Th mixture was stirred at room temperature for 14 hr The pre- 
cipitated solid was collected by filtration and recrystallized from ethanol to give the title compound (202 mg) as a 
pal -brown powder. 

iH.NMR(DMSQ-d 6 )52.26-2.43(1H,m), 2.93-4.20(16H,m), 4.44-4.78(3H,m), 7.74-7.82(1 H,m)1 7.75-8 05(2H m) 
8.22(1 H,d,J=8.4Hz), 8.69(1H.s) ( 9.16(1H,brs), 1 0.85(1 H.brs), 12.65(1 H.brs). 

Example 279 



[0399] Synthesis of 3-{(2S,4S)-4-[4-(4-chlora 
tnhydrochloride 



(1) Using 1-chloro-1-hydroxyisoquinoline (3.63 g), and in the same manner as in Example 278 (2), 1 ,4-dichloroi- 
soquinoline (3.95 g) was obtained as a gray solid. 

(2) Piperazine (12.6 g) was melted by heating at 140°C, and the above-mentioned compound (2.78 g) was added 
thereto. The mixture was stirred' at 1 1 0°C for 1 hr. The reaction mixture was added to water and the mixture was 
extracted with chloroform. The extract was washed with brine, dried and concentra ted under reduced pressure to 
9 ive 1 -(4-chloro-1 -isoquinotyl)piperazine (3.86 g) as a dark brown solid " 

(3) Using the above-mentioned compound (446 mg) and the title compound (450 mg) of Reference Example 12 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(4-chloro-1 -isoquinolyl)-1 -pip- 
erazmyll-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (596 mg) was obtained as a white solid. 

(4) The above-mentioned compound (592 mg) was dissolved in 1.1 moi/L hydrochloric acid-methanol (10 mL), 
and the mixture was stirred at room temperature for 5 days. The reaction mixture was concentrated under reduced 
pressure, and ethanol (5 mL) was added thereto. The precipitated solid was collected by filtration to give the title 
compound (31 8 mg) as a pale-yellow powder. 

1 H-NMR(DMSO-d 6 )52.32-2.46(1H f m), 2.95-4.20(1 6H,m), 4.43-4.78(3H,m), 7.74-7.82(1 H,m) 7 90-7 97(1Hm) 
8.14(1H,d,J=8.0Hz), 8.23(1 H,d,J=8.3Hz), 8.30(1 H,s), 9.17(1H,brs), 1 0.83(1 H,brs), 1 2.53(1 H.brs). 

Example 280 



[0400] Synthesis of 3-{(2S,4S)-4-[4-(4-bromo-^^ ,3-thiazolidine 
trihydrochloride 



35 



40 



45 



50 



(1) Using 1 -bromo-1-hydroxyisoquinoline (3.11 g), and in the same manner as in Example 278 (2), 4-bromo-1-chlo- 
roisoquinoline (3.00 g) was obtained as a pale-brown solid 

(2) Piperazine (6.94 g) was melted by heating at 1 40°C, and the above-mentioned compound (2.92 g) was added 
thereto. The mixture was stirred at 110°C for 1 hr. Water was added to the reaction mixture and the mixture was 
extracted with chloroform. The extract was dried and concentrated under reduced pressure to give 1-(4-bromo- 
1 -isoquinolyl)piperazine (2.52 g) as a dark brown solid. 

(3) Using the above-mentioned compound (488 mg) and the title compound (450 mg) of Reference Example 12 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-4-[4-(4-bromo.1-isoquinolyl)-1-tert-butoxycarbonyl- 
1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (753 mg) was obtained as a pale-yellow solid. 

(4) The above-mentioned compound (749 mg) was dissolved in 1 .1 mol/L hydrochloric acid-methanol (6 mL) and 
the mixture was stirred at room temperature for 4 days. The precipitated solid was collected by filtration to'give 
the title compound (1 35 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )52.32-2.46(1H,m), 2.97-3.1 9(3H,m), 3.40-3.97(1 2H,m), 4.06-4.20(1 H,m) 4 45-4 78(3Hm) 
7.73-7.80(1 H,m), 7.89-7.97(1 H ( m), 8.08(1 H,d,J=8.0Hz), 8.22(1 H,d,J=8.3Hz), 8.40(1 H,s), 9.17(1 H,brs), 10 94(1 H 
brs), 12.60(1 H,brs). x ' 

Example 281 

[0401] Synthesis of 3-{(2S,4S)-4-[4-(4-quinazolinyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine trihydro- 
chloride 



(1) 4-Hydroxyquinazoline (3.76 g) and 2 drops of DMF were added to thionyl chloride (12 mL), and the mixture 
was ref luxed for 2 hr. The reaction mixture was concentrated under reduced pressure, and the residue was added 
by small portions to piperazine (10 g) melted by heating at 140°C. Water and chloroform were added to the reaction 
mixture and an insoluble material was filtered off. The organic layer of the filtrate was separated and extracted 
with 1 mol/L hydrochloric acid. The aqueous layer was basified with aqueous sodium hydroxide solution, and the 
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mixtur was extracted with chloroform and concentrated under reduced pr ssur to give 1 -(4-quinazolinyl)piper- 
azine (1 .86 g) as a yellow oil. 

(2) Using the above-mentioned compound (471 mg) and the title compound (601 mg) of Reference Example 12, 
and in th same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(4-quinazolinyl)-1-pipera2l- 

5 nyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (543 mg) was obtained as a yellow powder. 

(3) Using the above-mentioned compound (543 mg), and in the same manner as in Example 186 (2), the title 
compound (40 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )S2.00-2.30(1H,m), 2.80-3.00(1 H,m), 3.00-4.85(1 8H,m), 7.66-7.81 (1H,m), 7.93-8.1 2(2H,m), 
8.24(1 H,d,J=8.4Hz) 8.95(1 H.brs), 9.09(1 H.brs), 1 0.84(1 H.brs). 

10 

Example 282 

[0402] Synthesis of 3-{(2S,4S)-4-t4-(2-trifluoromethyl-4-quinazolinyl)-1 -piperazinyl]-2-pyrrolidinylcart>onyl}-1 ,3-thia- 
zotidine 

15 

(-1).2rAmino.benzamide.(13.6-g)-was.d 

was dropwise added thereto under ice-cooling. After stirring at room temperature for 1 hr, the reaction mixture was 
concentrated under reduced pressure. Acetic acid (50 ml_) was added to the residue and the mixture was refluxed 
for 2 hr. After allowing to cool, the precipitated solid was collected by filtration and washed with diethyl ether to 

20 gjve 4-hydroxy-2-trifluoromethylquinazoline (11 .9 g) as a white powder. 

(2) The above-mentioned compound (5 g) and 2 drops of DMF were added to thlonyl chloride (30 mL), and the 
mixture was refluxed for 1 hr. The reaction mixture was concentrated under reduced pressure, and the residue 
was added to a solution of piperazine (6.03 g) in DMF (60 mL). The mixture was stirred at room temperature for 
1 hr and then at 60°C for 30 min. The reaction mixture was concentrated under reduced pressure, and water and 

25 chloroform were added thereto. An insoluble material was filtered off. The organic layer of the filtrate was separated 

and extracted with 1 mol/L hydrochloric acid. The aqueous layer was basified with aqueous sodium hydroxide 
solution, and the mixture was extracted with chloroform. The extract was concentrated under reduced pressure to 
give 1-(2-trifluoromethyl-4-quinazolinyl)piperazine (3.75 g) as a pale-yellow solid. 

(3) Using the above-mentioned compound (1.13 g) and the title compound (0.901 g) of Reference Example 12, 
30 and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-t4-(2-trifluoromethyl-4-quina- 

zolinyl)-1-piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .51 g) was obtained as a yellow powder. 

(4) Using the above-mentioned compound (1 .51 g), and in the same manner as in Example 186 (2), hydrochloride 
of the title compound was obtained. Aqueous sodium hydroxide solution was added thereto, and the mixture was 
extracted with chloroform. The extract was concentrated under reduced pressure and the residue was purified by 

35 HPLC to give the title compound (450 mg) as a yellow powder. 

1 H-NMR(CDCI 3 )51 .68-1 .76(1 H,m), 2.34-2.49(1 H.m), 2.57-2.80(4H,m), 2.91-3.23(5H,m), 3.60-4.07(7H,m), 
4.42-4.74(2H,m), 7.54(1 H,t,J=7.8Hz), 7.80(1 H,t,J=7.8Hz), 7.91(1H,dd,J=7.8,0.8Hz), 8.01(1H,dd,J=7.8,0.8Hz). 

Example 283 

40 

[0403] Synthesis of 3-{(2S,4S)-4-[4-(2-phenyl-4-qujnazolinyl)-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
trihydrochloride 

(1 ) Piperazine (3.22 g) was dissolved in DMF (830 mL), and 4-chloro-2-phenylquinazoline (3 g) was added thereto. 

4$ The mixture was stirred at room temperature for 6 hr. The reaction mixture was concentrated under reduced pres- 

sure, water and chloroform were added to the residue and an insoluble material was filtered off. The organic layer 
of the filtrate was separated and extracted with 1 mol/L hydrochloric acid. The aqueous layer was basified with 
aqueous sodium hydroxide solution, and the mixture was extracted with chloroform. The extract was concentrated 
under reduced pressure to give 1-(2-phenyl-4-quinazolinyl)piperazine (2.27 g) as a white solid. 

so (2) Using the above-mentioned compound (1.16 g) and the title compound (0.901 g) of Reference Example 12, 

and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2-phenyl-4-quinazolinyl)- 
1-piperazinyl]-2-pyrrolidinylcarbonyl}-1,3-thiazolidine (1.66 g) was obtained as a white powder. 
(3) Using the above-mentioned compound (1.66 g), and in the same manner as in Example 186 (2), the title 
compound (1 .21 g) was obtained as a white powder. 

55 1 H-NMR(DMSO-d 6 )82.1 7-2.38(1 H,m), 2.85-3.1 8(3H,m), 3.30-4.90(1 6H,m), 7.56-7.80(4H,m), 8.04(1 H,t,J=8.2Hz), 

8.22(1 H,d,J=8.2Hz), 8.33(1 H,d,J=8.2Hz), 8.53(2H,d,J=8.4Hz), 9.16(1H,brs). 
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Example 284 

[0404] Synthesis of 3-<(2S,4SM-[4-(5«yano-2-pyridyl)-2-oxo-1 -piperazinyl]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine 
dinydrochlonde 

(1) Using the title compound (2.10 g) of Reference Example 12 and 2-aminoacetaldehyde diethyl acetal 0 984 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(2,2-diethoxyethynamlnol- 
2-pyrrohdmylcarbonyl}-1 ,3-thiazolidine (3.57 g) was obtained as a pale-yellow oil. 

(2) The above-mentioned compound (3.56 g) and N-benzyloxycarbonylglycine (1 .54 g) were dissolved in DMF (30 
ml), and HOBT (1 .39 g) and EDC hydrochloride (1 .61 g) were successively added thereto. The mixture was stirred 
at room temperature for 2 days. The reaction mixture was concentrated under reduced pressure and 0 5 mol/L 
hydrochloric acid was added to the residue. The mixture was extracted with chloroform. The extract was washed 
with saturated aqueous sodium hydrogencarbonate solution and brine, dried and concentrated under reduced 
pressure. The residue was purified by silica gel chromatography to give 3-((2S,4S)-4-{N-(2-(1-benzyloxycarbo- 
nylamino)acetylJ-N-(2,2-diethoxyethyl)amino}-2-pyrrolidinylcarbonyl)-1 -tert-butoxycarbonyl-1 ,3-thiazolidine (2 77 
g)asa pale-brown oil: 



(3) The above-mentioned compound (2.77 g) and p-toluenesulfonic acid monohydrate (0.164 g) were dissolved 
in toluene (100 mL), and the solution was heated at 70"C for 7 hr. The reaction mixture was added to saturated 
aqueous sodium hydrogencarbonate solution, and the mixture was extracted with ethyl acetate. The extract was 
dried and concentrated under reduced pressure. The residue was dissolved in methanol (50 mL), and ammonium 
formate (1.44 g) and 10% palladium/carbon (1.93 g) were added thereto. The mixture was heated at 100°C for2 
days. Furthermore, ammonium formate (1 .44 g) and 1 0% palladium/carbon (1 .93 g) were added thereto and the 
mixture was stirred at 1 00»C for 1 day with heating. The reaction mixture was filtrated and the filtrate was'concen- 
trated under reduced pressure. Saturated aqueous sodium hydrogencarbonate solution was added to the residue 
and the mixture was extracted with chloroform. The extract was washed with brine, dried and concentrated under 
reduced pressure. The residue was purified by silica gel chromatography to give 3-[(2S,4S)-1 -tert-butoxycarbonyl- 
4-(2-oxo-1-piperazinyl)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (0.237 g) as a white solid. 

(4) The above-mentioned compound (237 mg) and N,N-diisopropylethylamine (0.32 mL) were dissolved in N- 
methyl-2-pyrrolidone (5 mL), and 2-chloro-5-cyanopyridine (145 mg) was added thereto. The mixture was heated 
at 80°C for 4 hr. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution and 
the mixture was extracted with ethyl acetate. The extract was washed with brine, dried and concentrated under 
reduced pressure. The residue was purified by silica gel chromatography' to give 3-{(2S,4S)-1 -tert-butoxycarbonyl- 
4-[4-(5-cyano-2-pyridyl)-2-oxo-1-piperaziny0-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (425 mg) as a pale-brown oil 
iH-NMR(CDCI 3 )51.42(4.5H,s), 1 .44(4.5H,s), 1. 93-2.10(1 H,m), 2.43-2.58(1 H.m), 2.94-3.22(2H,m) 3 43-4 06(8H 
m), 4.24(2H,s), 4.40-4.92(3H,m), 5.20-5.38(1 H,m), 6.52(1 H,d,J=8.9Hz), 7.70(1 H,dd.J=8.9,2.1 Hz), 8.45(1H,d! 
J=2.1Hz). 

(5) The above-mentioned compound (422 mg) was dissolved in ethyl acetate (1 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (1 .2 mL) was added thereto. The mixture was stirred at room temperature for 1 8 hr The pre- 
cipitated solid was collected by filtration to give the title compound (217 mg) as a white powder. 
1 H-NMR(DMSO-d 6 )81 .86-1 .96(1 H,m), 2.14-2.23(1 H,m), 2.60-2.75(1 H,m), 3.12(1 H,t,J=6.2Hz), 3 25-4 32(10H m) 

Example 285 

2?? S yn !, hesis of 3 ^ 2S .4S)-4-[4-(5-cyano-2-pyridyl)-3-oxo-1 -piperazinyl]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
dinydrochlonde 

(1) N-(5-Cyano-2-pyridyl)ethylenediamine (10.0 g) and triethylamine (9.5 mL) were dissolved in tetrahydrofuran 
(300 mL), and ethyl 2-bromoacetate (6.9 mL) was added thereto under ice-cooling. The mixture was stirred at 
room temperature for 21 hr. Di-tert-butyl dicarbonate (14.2 mL) was added to the reaction mixture, and the mixture 
was further stirred at room temperature for 21 hr. The reaction mixture was filtrated and the filtrate was concentrated 
under reduced pressure. The residue was purified by silica gel chromatography to give N-tert-butoxycarbo- 
nyl-N'-(5-cyano-2-pyridyl)-N-(ethoxycart)onylmethyl)ethylenediamine (1 7.3 g) as a white solid. 

(2) The above-mentioned compound (1 7.3 g) was dissolved in 1 ,4-dioxane (220 mL), and 1 mol/L aqueous sodium 
hydroxide solution (75 mL) was added thereto/The mixture was stirred at room temperature for13 hr The reaction 
mixture was concentrat d under reduced pressure, and 1 0% aqueous citric acid solution was added to the residue 
The mixture was extracted with ethyl acetate. The extract was washed with brine, dried, concentrated under re- 
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due d pressure and crystallized from diethyl ether-hexane to give N-t rt-butoxycarbonyl-N-(carboxymethyl) 
-N'-(5-cyano-2-pyridyl)ethylenedlamine (11 .7 g) as a white solid. 

(3) The above-mentioned compound (3.20 g) and triethylamine (2.8 ml_) were dissolved in tetrahydrofuran (60 
mL), and HOBT (1.84 g) and EDC hydrochloride (2.30 g) were successively added. The mixture was stirred at 

5 room temperature for 6 hr. The reaction mixture was concentrated under reduced pressure, and saturated aqueous 

sodium hydrogencarbonate solution was added to the residue. The mixture was extracted with ethyl acetate. The 
extract was washed with brine, dried and concentrated under reduced pressure to give 4-tert-butoxycarbonyl- 
1-(5-cyano-2-pyridyl)-2-oxopiperazine (2.34 g) as a white solid. 

(4) The above-mentioned compound (2.34 g) was dissolved in dichloromethane (50 mL), and trifluoroacetic acid 
io (25 mL) was added thereto under ice-cooling. The mixture was stirred for 1 hr. The reaction mixture was concen- 
trated under reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the 
residue. The mixture was extracted with chloroform. The extract was washed with brine, dried and concentrated 
under reduced pressure to give 1-(5-cyano-2-pyridyl)-2-oxopiperazine (1 .02 g) as a white solid. 

(5) Using the above-mentioned compound (667 mg) and the title compound (901 mg) of Reference Example 12, 
is and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-cyano-2-pyridyl)-3-oxo- 
1 -piperazinyl]-2-pyrrolidinylearbonyl}-1 l 3-thiazolidine-(976-mg)-was obtained as a-white solid 

iH-NMR(CDCI 3 )51.41(4.5H,s), 1 .46(4.5H,s), 1 .86-2.02(1 H,m), 2.42-2.55(1 H.m), 2.78-4.83(16H,m), 7.91(1H,dd, 
J=8.8,2.1Hz), 8.37(1 H,d,J=8.8Hz), 8.68(1 H,d,J=2.1 Hz). 

(6) The above-mentioned compound (972 mg) was dissolved in ethyl acetate (5 mL), and 4 mol/L hydrochloric 
20 acid-ethyl acetate (5 mL) was added thereto. The mixture was stirred at room temperature for 1 7 hr. The precipitated 

solid was collected by filtration to give the title compound (789 mg) as a white powder. 

lH-NMR(DMSO-d 6 )81 .95-2.10(1 H,m), 2.80-2.94(1 H,m) 3.02-3.45(5H,m), 3.50-4.15(8H,m), 4.4-4.8(3H,m), 8.21 
(1H,d,J=8.9Hz), 8.32(1 H,dd,J=8.9,2.3Hz), 8.87-9.06(2H,m), 10.61(1H,brs). 

25 Example 286 

[0406] Synthesis of 3-{(2S,4S)-4-(4-methoxycarbonylpiperidino)-2-pyrrolidinylcarbonyl]-1,3-thiazolidine dihydro- 
chloride 

30 (1) Using methyl isonipecotinate (0.466 g) and the title compound (0.89 g) of Reference Example 12, and in the 

same manner as in Example 70 (1 ), 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-methoxycarbonylpiperidino)-2-pyrrolid- 
inylcarbonyl]-1 ,3-thiazolidine (1 .1 9 g) was obtained as a white powder. 

(2) Using the above-mentioned compound (166 mg), and in the same manner as in Example 133 (2), the title 
compound (1 32 mg) was obtained as a white powder. 
35 iH-NMR(500MHz,DMSO-d 6 )61 .88-2.1 3(4H l m), 2.15-2.35(1 H,m), 2.56-2.76(1 H,m), 2.85-3.20(5H,m), 3.43-4.00 

(7H,m), 3.64(3H,s), 4.47-4.73(3H,m), 9.20(1H,brs), 10.70(1 H.bre), 11 .98(1H,brs). 

Example 287 

40 [0407] Synthesis of 3-{(2S,4S)-4-[4-(4-nitrophenyl)piperidino]-2-pyrrolidinylcanbonyl}-1,3-thiazolidine dihydrochlo- 
ride 

(1) Using 4-(4-nitrophenyl)piperidine (625 mg) and the title compound (606 mg) of Reference Example 12, and in 
the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(4-nitrophenyl)piperidlno]-2-pyrro- 

45 lidinylcarbonyl}-1 ,3-thiazolidine 387 mg) was obtained as a pale-yellow solid. 

(2) Using the above-mentioned compound (387 mg), and in the same manner as in Example 133 (2), the title 
compound (240 mg) was obtained as a white powder. 

iH-NMR(500MHz r DMSO-d 6 )51.95-2.38(5H,m), 2.90-3.28(6H,m), 3.51-4.0B(7H,m), 4.48-4.75(3H,m), 7.54(2H,d, . 
J=8.1Hz), 8.22(2H,d,J=8.1Hz), 9.20(1H,brs), 1 0.60(1 H.bre), 12.07(1H,brs). 

50 

Example 288 

[0408] Synthesis of 3-{(2S,4S)-4-[4-(2-pyrimidinyl)piperidino]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine dihydrochlo- 
ride 

55 

(1) 4-Cyanopyridine (50.0 g) was suspended in methanol (50 mL), and 28% sodium methoxide-methanol solution 
(4.14 mL) was added thereto. After stirring at room temperature for 15 min, ammonium chloride (25.7 g) was added 
to the mixture. The mixture was stirred at room temperature for 24 hr. Acetone (200 mL) was added to the reaction 
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15 



mixture, and the precipitated solid was collected by filtration to give 4-amidinopyridine hydrochloride (62.8 g) as a 
whit solid. 

(2) The above-mentioned compound (5.00 g) and 3-dimethylamino-2-propenal (3.1 8 g) wer suspended in meth- 
anol (30 mL), and 28% sodium methoxide-methanol solution (13.8 mL) was added thereto. The mixture was re- 
fluxed for 1 2 hr. The reaction mixture was f iitrated and the filtrate was concentrated under reduced pressure Water 
was added to the residue, and the mixture was extracted with chloroform. The extract was washed with brine and 
dried, and the solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatog- 
raphy to give 4-(2-pyrimidiny)pyridine (3.45 g) as a slightly yellow solid. 

(3) The above-mentioned compound (3.14 g) was dissolved in acetonitrile (50 mL), and benzyl chloride (4 60 mL) 
was added thereto. The mixture was refluxed for 16 hr. The reaction mixture was concentrated to about 10 mL 
and diethyl ether (10 mL) was added thereto. The precipitated solid was collected by filtration to give 1-benzyl- 
4-(2-pyrimidinyl)pyridine hydrochloride (5.61 g) as a white solid. 

(4) The above-mentioned compound (5.50 g) was suspended in ethanol (20 mL), and sodium borohydride (1 47 
g) was added thereto under ice^ooling. The mixture was stirred at room temperature for 1 .5 hr and water was 
added to the reaction mixture. The mixture was extracted with ethyl acetate, and the extract was washed succes- 

^wly-wfth-wate™nd-brineranc^ 

purified by silica gel chromatography to give 1-benzyl-4-(2-pyrimidinyl)-1,2,3,6-tetrahydropyridine (4.10 q) as a 
slightly yellow solid. ■ 

(5) The above-mentioned compound (4.10 g) was dissolved in ethanol (1 00 mL), and the mixture was stirred at 
room temperature in the presence of 1 0% palladium carbon (1 .1 0 g) under a hydrogen atomosphere (1 atm) The 
reaction mixture was filtrated and the filtrate was concentrated under reduced pressure. The residue was purified 
by silica gel chromatography to give 1-benzyl-4-(2-pyrimidinyl)piperidine (3.33 g) as a colorless transparent oil 

(6) The above-mentioned compound (3.33 g) was dissolved in dichloromethane (25 mL), and a solution of 1 -chlo- 
roethyl chlorocarbonate (1 .70 mL) in dichloromethane (5 mL) was added under ice-cooling. The mixture was re- 
fluxed for 30 min. The reaction mixture was concentrated under reduced pressure, and the residue was dissolved 
in methanol (25 mL). The solution was refluxed for 1 hr and 28% sodium methoxide-methanol solution (3 40 mL) 
was added to the reaction mixture. After filtration, the filtrate was concentrated under reduced pressure and the 
residue was purified by silica gel chromatography to give 4-(2-pyrimidinyl)piperidine (1 .43 g) as a brown oil 

(7) Using the above-mentioned compound (1 .43 g) and the title compound (2.39 g) of Reference Example 1 2 and 
in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-^ 
rolidinylcarbonyl}-1 ,3-thiazolidine (2.30 g) was obtained as a white solid. 

(8) Using the above-mentioned compound (895 mg), and in the same manner as in Example 167 (2) the title 
compound (227 mg) was obtained as a slightly yellow powder. 

1 H-NMR(D^S6-d 6 )52.05-2.46(5H,m), 2.86-3.50(4H,m), 3.52-4.07(7H,m), 4.42-4. 79(3H,m), 742(1Ht J=5 1Hz) 
8.82(2H,d,J=5.1H^ K " °' 1I1Z '' 

Example 289 

An P*»J Synthesis of 3-{(2S,4S)-4-(4-(5-ethyl-1 .S^-oxadiazol^-yDpiperidinol^-pyrrblidinylcarbonyl}-! ,3-thiazolidine 
40 dinydrochloride ~ 

(1 ) Ethyl isdhipecotinate (51 .5 g) was dissolved in tetrahydrofuran (400 mL) and pyridine (40 mL), and a solution 
of benzyl chlorocarbonate (58.7 g) in tetrahydrofuran (50 mL) was dropwise added under ice-cooling. After stirring 
the mixture under ice-cooling for 1 .5 hr, the solvent was evaporated under reduced pressure. Water was added 
to the residue, and the mixture was extracted with ethyl acetate. The extract was washed successively with dilute 
hydrochloric acid, saturated aqueous sodium hydrogencarbonate solution and brine, and dried. The solvent was 
evaporated under reduced pressure to give ethyl 1-benzyloxycarbonylisonipecotinate (80.4 g) as an oil 

(2) The above-mentioned compound (42.8 g) was dissolved in isopropanol (300 mL), and hydrazine monohydrate 
(43 mL) was added thereto. The mixture was refluxed for 1 0 hr. The solvent was evaporated under reduced pres- 
sure, and the residue was washed with diisopropyl ether and water to give 1 -benzyloxycarbonylisonipecotic acid 
hydrazide (23.8 g) as a white solid. 

(3) The above-mentioned compound (3.52 g) was dissolved in tetrahydrofuran (50 mL) and pyridine (5 mL) and 
propionyl chloride (1.21 mL) was added thereto under ice-cooling. The mixture was stirred for 4 hr Water was 
added to the reaction mixture, and the precipitated solid was collected by filtration. This was suspended in 
1 ,2-dimethoxyethane (70 mL), and phosphorus oxychloride (1 .40 mL) was added thereto. The mixture was refluxed 
for 4 hr. The reaction mixture was concentrated under reduced pressure, and saturated aqueous sodium hydro- 
gencarbonate solution was added to the residue. The mixture was extracted with chloroform, and the extract was 
dried and concentrated under reduced pressure. The residue was purified by silica gel chromatography to give 
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1 -benzyloxycarbonyl-4-(5- thyl-1,3,4-oxadiazol-2-yl)piperidine (2.29 g) as an oil. 

(4) Using the above-mentioned compound (2.29 g), and in the same manner as in Example 232 (5), 4-(5-ethyl- 
1 ,3,4-oxadiazol-2-yl)piperidine hydrobromide (1 .90 g) was obtained as a white solid. 

(5) Using a free base (400 mg) of the above-mentioned compound and the title compound (553 mg) of R ference 
Example 12, and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycartonyl-4-[4-(5-ethyl- 
1 ,3,4-oxadiazol-2-yl)piperidinol-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (856 mg) was obtained as a whit powder. 

(6) Using the above-mentioned compound (856 mg), and in the same manner as in Example 257 (3), the title 
compound (307 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )51 .25(3H,t,J=7.5Hz), 1 .90-2.44(5H,m), 2.84(2H,q,J=7.5Hz), 2.89-4.20(1 3H,m), 4.46-4.75(3H, 
m), 10.10(2H,brs), 12.15(1 H.brs). 

Example 290 

[0410] Synthesis of 3-((2S,4S)-4-{4-[5-(4-chlorophenyl)-1 ,3,4-oxadiazol-2-yl]piperidino}-2-pyrrolidinylcarbonyl)- 
1 ,3-thiazolidine dihydrochloride 

(1) "Usin^4^Klo?6benzoyl"chioride (1 .40 and 1 -benzyloxycarbonylisonipecotic acid hydrazide [prod'uct of Ex- 
ample 289 (2), 3.00 g], and in the same manner as in Example 289 (3), 1 -benzyloxycarbonyl-4-[5-(4-chlorophenyl)- 
1 ,3,4-oxadiazol-2-yl]piperidine (1 .26 g) was obtained as a white solid. 

(2) Using the above-mentioned compound (1 .26 g), and in the same manner as in Example 232 (5), 4-[5-(4-chlo- 
rophenyl)-1 ,3,4-oxadiazol-2-yl]piperidine hydrobromide (1 .09 g) was obtained as a white solid. 

(3) Using a free base (556 mg) of the above-mentioned compound and the title compound (530 mg) of Reference 
Example 1 2, and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycartoonyl-4-[4-(5-{4-chloroph- 
enyl}-1,3,4-oxadiazol-2-yl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (922 mg) was obtained as a white 
powder. 

(4) Using the above-mentioned compound (896 mg), and in the same manner as in Example 257(3), the title 
compound (739 mg) was obtained as a white powder. 

1 H-NMR (500MHz,DMSO-d 6 )52.06-2.48(5H,m), 2.90-4.15(13H,m), 4.48-4.98(3H,m), 7.69(2H,d,J=7.4Hz), 8.01 
(2H,d,J=7.4Hz), 9.14(1H,brs), 1 0.92(1 H.brs), 1 2.25(1 H.brs). 

Example 291 

[0411] Synthesis of 3-((2S,4S)-4-{4-[5-(3-pyridyl)-1 ,3,4-oxadiazol-2-yl]piperidino}-2-pyrrolidinylcarbonyl)-1 ,3-thia- 
zolidine trihydrochloride 

(1) Using nicotinoyl chloride (1 .40 g) and the product (2.08 g) of Example 289 (2), and in the same manner as in 
Example 289 (3), 1-benzyloxycarbonyl-4-[5-(3-pyridyl)-1,3,4-oxadiazol-2-yl]piperidine (0.48 g) was obtained as a 
white solid. 

(2) Using the above-mentioned compound (477 mg), and in the same manner as in Example 232 (5), 4-[5-(3-pyri- 
dyl)-1 ,3,4-oxadiazol-2-yl]piperidine hydrobromide (435 mg) was obtained as a white solid. 

(3) Using a free base (256 mg) of the above-mentioned compound and the title compound (320 mg) of Reference 
Example 12, and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-{3-pyridyl}- 
1 ,3,4-oxadiazol-2-yl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (425 mg) was obtained as a white powder. 

(4) Using the above-mentioned compound (425 mg), and in the same manner as in Example 257 (3), the title 
compound (430 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )52.18-2.45(5H,m), 2.95-4.15(13H,m), 4.48-4.77(3H,m), 7.69(1 H,dd,J=8.2,5.1 Hz), 
8.40-8.47(1 H,m), 8.82-8.85(1 H,m), 9.12(1H,brs), 9.18,(1H,s), 1 0.88(1 H.brs), 1 2.20(1 H,brs). 

Example 292 

[0412] Synthesis of 3-((2S,4S)-4-{4-[5-(4-pyridyl)-1 ^^-oxadiazol^-yllpiperidinoj^-pyrrolidinylcarbonyl)-! ,3-thia- 
zolidine trihydrochloride 

(1) Using isonicotinic acid chloride (1 .36 g) and the product (2.02 g) of Example 289 (2), and in the same manner 
as In Example 289 (3), 1 -benzyloxycarbonyl-4-[5-(4-pyridyl)-1 ,3,4-oxadlazol-2-yl]piperidine (0.287 g) was obtained 
as a white solid. 

(2) Using the above-mentioned compound (287 mg), and In the same manner as in Exampl 232 (5), 4-[5-(4-pyri- 
dyl)-1 ,3,4-oxadiazol-2-yl]piperidine hydrobromide (211 mg) was obtained as a white solid. 
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(3) Using a free base (1 24 mg) of the above-mentioned compound and the title compound (157 mg) of Refer nee 
Example 12, and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-t rt-butoxycaroonyl-4-[4-(5-{4-pyridyl}- 
;? m V .If 2 ol ; 2 -y | )P i P eridino l- 2 -Py r olWinylcarbonyl}-1 ,3-thiazolidine (269 mg) was obtained as a white powder 

(4) using th above-m ntioned compound (268 mg), and in the same manner as in ExampI 257 (3) the title 
compound (242 mg) was obtained as a white powder. 

lH v'^^° MH2,DMSO " d6)62 ' l0 - 2 - 46(5H,m) ' 2 92-4.08(1 3H,m), 4.48-4.72(3H,m), 7.97(2H.brs), 8.85-8.87(2H 
m),9.13(1H,brs),10.55(1H,brs), 11.97(1H,brs). 

Example 293 

KLol^ 

(1 ) 3-[(2S,4S)-1 -tert-Butoxycarbonyl-4-(4-methoxycarbonylpiperidino)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine 
[product of Example 286 (1), 1.01 g] was dissolved in methanol (10 mL) and water (10 mL), and 1 mol/L sodium 

Methanol was evaporated under reduced pressure and dilute hydrochloric acid was added to the residue to adjust 
its pH to 7. The precipitated solid was collected by filtration to give 3-[(2S,4S)-1 -tert-butoxycarbonyl-4-(4-carboxy- 
lpipendino)-2-pyrrolidinylcarbonyl]-1 ,3-thiazolidine (650 mg) as a white powder 

• 2) J»^! ) r e ; , r enti0ned com P ound < 650 m 9>' HOBT (290 mg) and EDC hydrochloride (362 mg) were suspended 
in DMF (15 mL), and hydrazine monohydrate (114 U L) was added thereto. The mixture was stirred at room tem- 
perature for 18 hr. After DMF was evaporated under reduced pressure, saturated aqueous sodium hydrogencar- 
bonate solution was added to the residue and the mixture was extracted with chloroform. The extract was dried 
and concentrated under reduced pressure. The residue was dissolved in tetrahydrofuran (50 mL) and pyridine (5 
mL) and tnphosgene (1 90 mg) was added thereto under ice-cooling. The mixture was stirred at room temperature 
for 2 days. Water was added to the reaction mixture, and the mixture was extracted with chloroform and dried 
The solvent was evaporated under reduced pressure and the residue was purified by silica gel chromatography 
to give 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(5-oxo-4,5-dihydro-1 ,3,4-oxadiazol-2-yl)piperidinol-2-pyrrolidinvl- 
carbonyl}-1 ,3-thiazolidine (1 04 mg) as a white solid. Y 
(3) Using the above-mentioned compound (104 mg), and in the same manner as in Example 257 (3) the title 
compound (80 mg) was obtained as a white powder 

Example 294 

(1) The product (7.46 g) of Example 289 (2) was suspended in tetrahydrofuran (200 mL) and pyridine (20 mL) 
and tetrahydrofuran solution (20 mL) of triphosgene (3.0 g) was added thereto under ice-cooling. The mixture was 
stirred at room temperature for 1 8 hr. The solvent was evaporated under reduced pressure, and water was added 
to the residue. The mixture was extracted with ethyl acetate. The extract was dried and concentrated under reduced 
pressure. The residue was purified by silica gel chromatography to give 1 -benzyloxycarbonyl-4-(5-oxo-4 5-dihvdro- 
1,3,4-oxadiazol-2-yl)piperidine(5.92g)asanoil. 

(2) The above-mentioned compound (1 .02 g) was dissolved in DMF (15 mL), and potassium carbonate (0 700 q) 
and methyl iodide (320 uL) were added thereto. The mixture was stirred at room temperature for 15 hr The reaction 
mixture was concentrated under reduced pressure, and water was added to the residue. The mixture was extracted 
with ethyl acetate. The extract was washed with brine, dried and concentrated under reduced pressure to qive 
1 -benzyloxycarbonyl-4-(4-methyl-5-oxo^,5-dihydro-1 ,3,4-oxadiazol-2-yl)piperidine (0.900 g) as an oil 

(3) Using the above-mentioned compound (894 mg), and in the same manner as in Example 232 (5) 1 mol/L 
aqueous sodium hydroxide solution was added to the resulting hydrobromide. The mixture was extracted with 
chloroform, and concentrated under reduced pressure to give 4-(4-methyl-5-oxo-4,5-dihydro-1 3 4-oxadiazol-2-vn 
piperidine (352 mg) as a pale-yellow solid. ' 

(4) Using the above-mentioned compound (352 mg) and the title compound (550 mg) of Reference Example 12 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(4-methyl-5-oxo-4,5-dihydro- 
1 3 4-oxad.azo|.2-yl)piperidino]-2-pyrrolidinylcarbonyl)-1.3-thlazolldine (402 mg) was obtained as a white solid 

(5) Using the above-mentioned compound (402 mg), and in the same manner as in Example 257 (3) the title 
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compound (375 mg) was obtained as a whit powder. 

1 H-NMR(500MH2,DMSO-d 8 )81.90-2.32(5H,m) ( 2.85-4.05(1 3H,m), 3.29(3H,s), 4.47-4.72(3H,m), 9.10(1H,brs), 
1 0.45(1 H.brs), 11 .92(1H,brs). 

Exampl 295 

[0415] Synthesis of 3-{(2S,4S)-4-[4-(4-methoxycarbonylmethyl-5-oxo-4 l 5-dlhydro-1 .S^-oxadiazot^-yOpiperidino]- 
2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine dihydrochloride 

(1) Using 1-benzyloxycarbonyl-4-(5-oxo-4,5-dihydro-1 p 3,4-oxadiazol-2-yl)piperidine [product of Example 294 (1), 
1 .84 g] and methyl bromoacetate (670 ul), and in the same manner as in Example 294 (2), 1 -benzyloxycarbonyl- 
4-(4-methoxycarbonylmethyl-5-oxo-4 t 5-dihydro-1,3 I 4-oxadiazol-2-yl)piperidine (2.28 g) was obtained as an oil. 

(2) Using the above-mentioned compound (2.26 g), and in the same manner as in Example 232 (5), 1 mol/L 
aqueous sodium hydroxide solution was added to the resulting hydrobromide. The mixture was extracted with 
chloroform, and concentrated under reduced pressure to give 4-(4-methoxycarbonylmethyl-5-oxo-4,5-dihydro- 

1 l 3i4-oxad»azol-2-yl)piperidine (-1^20 g) as-an-oil; 

(3) Using the above-mentioned compound (1 .20 g) and the title compound (1 .24 g) of Reference Example 12, and 
in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(4-methoxycarbonylmethyl-5-oxo- 
4,5-dihydro-1,3,4-oxadiazol-2-yl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1.41 g) was obtained as a 
pale-yellow solid. 

(4) Using the above-mentioned compound (904 mg), and in the same manner as in Example 133 (2), the title 
compound (877 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )61.90-2.32(5H l m) f 2.90-4.10(13H,m), 3.57(3H,s), 4. 47-4. 74(3 H,m), 4.64(2H,s), 
9.10(1H,brs), 1 0.73(1 H.brs), 1 2.20(1 H.brs). 

Example 296 

[041 6] Synthesis of 3-((2S,4S)-4-{4-[4-(2-morpholinoethyl)-5-oxo-4 p 5-dihydro-1 ,3,4-oxadiazol-2-yl]piperidino}- 
2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine trihydrochloride 

(1) Using the product (930 mg) of Example 294 (1) and 4-(2-chloroethyl)morpholine hydrochloride (685 mg), and 
in the same manner as in Example 294 (2), 1-benzyloxycarbonyl-4-{4-(2-morpholinoethyl)-5-oxo-4,5-dihydro- 
1 ,3,4-oxadiazol-2-yl]piperidine (720 mg) was obtained as an oil. 

(2) Using the above-mentioned compound (696 mg), and in the same manner as in Example 232 (5), 1 mol/L 
aqueous sodium hydroxide solution was added to the resulting hydrobromide. The mixture was extracted with 
chloroform, and concentrated under reduced pressure to give 4-[4-(2-morpholinoethyl)-5-oxo-4,5-dihydro- 
1 ,3,4-oxadiazol-2-yl]piperidine (328 mg) as an oil. 

(3) Using the above-mentioned compound (318 mg) and the title compound (322 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-((2S,4S)-1 -tert-butoxycarbonyl-4-{4-[4-(2-morpholinoethyl)-5-oxo- 
4,5-dihydro-1 .S^-oxadiazol^-yllpiperidinoJ^-pyrrolidinylcarbonyO-l ,3-thiazolidine (606 mg) was obtained as an 
oil. 

(4) Using the above-mentioned compound (606 mg), and in the same manner as in Example 258 (2), the title 
compound (522 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )51.95-2.36(5H,m), 2.90-4.15(25H,m) J 4.47-4.74(3H,m), 9.10(1 H.brs), 10.64(1 H, 
brs), 11.54(1H,brs), 11 .83(1H,brs), 1 2.02(1 H,brs). 

Example 297 

[0417] Synthesis of 3-((2S,4S)-4-{4-[5-oxo-4-(3-picolyl)-4,5-dihydro-1 ,3,4-oxadiazol-2-yl]piperidino}-2-pyrrolidinyl- 
carbonyl)-1 ,3-thiazolidine trihydrochloride 

(1) Using the product (0.932 g) of Example 294 (1) and 3-picolyl chloride hydrochloride (0.605 g), and in the same 
manner as in Example 294 (2), 1-benzyloxycarbonyl-4-[5-oxo-4-(3-picolyl)-4,5-dihydro-1 ,3,4-oxadiazol-2-yl]plpe- 
ridine (1 .06 g) was obtained as an oil. 

(2) Using the above-mentioned compound (1.01 g), and in the same manner as in Example 232 (5), 1 mol/L 
aqueous sodium hydroxide solution was added to the resulting hydrobromide. Th mixture was extracted with 
chloroform, and concentrated under reduced pressure to give 4-[5-oxo-4-(3-picolyl)-4,5-dihydro-1,3 l 4-oxadiazol- 
2-yl]piperidine (0.17 g) as a pale-yellow solid. 
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(3) Using the above-mentioned compound (170 mg) and the title compound (187 mg) of Reference Example 12 

and in the same manner as in Example 70 (1). 3-((2S,4S)-1-tert-butoxycarbonyl-4-{4-[5-oxo-4-(3-picolyl)-4 5-di- 

hydro-1,3,4-oxadiazol-2-yl]piperidino}-2-pyrrolidinylcarbonyl)-1,3-thiazolidine (236 mg) was obtained as a white 
powder. 

s (4) Using the above-mentioned compound (236 mg), and in the same manner as in Example 257 (3) the title 

compound (204 mg) was obtained as a white powder. 

1 H-NMR(500MH2, DMSO-dstfl^.SefSH.m), 2.93-4.05(13H,m). 4.47-4.74(3H,m), 5.08(2H s) 7 86-7 89(1 H 
m), 8.30-8.32(1 H,m), 8.79(1 H,d,J=5. 1Hz), 8.85(1H,s), 9.10(1H,brs), 1 0.90(1 H.brs), 1 2.22(1 H.b'rs). 

io Example 298 
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[0418] Synthesis of 3-{(2S l 4S)-4-[4-(2-tert-butyl-2H-tetrazol-5-yl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
dihydrochloride 

(1 ) Isonipecotamide (1 9.4 g) and triethylamine (42 ml_) were dissolved in dichloromethane (500 mL) and benzyloxy 
cWoroearbonate^-mL-^^ 

1 8 hr. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution and the mixture 
was extracted with chloroform. The extract was dried and concentrated under reduced pressure to give 1-benzy- 
loxycarbonyl-4-carbamoylpiperidine (33.3 g) as a white solid. 

(2) The above-mentioned compound (33.3 g) and imidazole (17.3 g) were dissolved in pyridine (350 mL) and 
phosphorus oxychloride (47 mL) was added thereto under ice-cooling. The mixture was stirred at room temperature 
for 3 hr. The saturated aqueous sodium hydrogencarbonate solution was added to the reaction mixture under ice- 
cooling, and the mixture was extracted with chloroform. The extract was washed with brine, dried, and the solvent 
was evaporated under reduced pressure. The residue was purified by silica gel chromatography to give 1-benzy- 
loxycarbonyl-4-cyanopiperidine (20.6 g) as a slightly yellow oil. 

(3) The above-mentioned compound (1 .42 g) was dissolved in N-methyl-2-pyrrolidone (60 mL), and sodium azide 
(1 . 13 g) and triethylamine hydrochloride (1 .24 g) were added thereto. The mixture was stirred at 1 50°C for 6 hr. 1 
mol/L Hydrochloric acid was added to the reaction mixture to adjust its pH to 1 , and the mixture was extracted with 
ethyl acetate. 10% Aqueous sodium hydroxide solution was added to the extract, and the mixture was washed 
with diethyl ether. The aqueous layer was adjusted to pH 1 with concentrated hydrochloric acid and the mixture 
was extracted with ethyl acetate. The extract was dried and concentrated under reduced pressure. Trifluoroacetic 
acid (6 mL), tert-butanol (0.900 g) and concentrated sulfuric acid (0.16 mL) were added to the residue and the 
mixture was stirred at room temperature for 3 days. Water was added to the reaction mixture, and the mixture was 
extracted with ethyl acetate. The extract was washed successively with 2.5 mol/L aqueous sodium hydroxide 

35 solution and bnne, dried, and concentrated under reduced pressure. The residue was purified by HPLC to give 

1 -benzyloxycarbonyl-4-(2-tert-buty|.2H-tetrazoi-5-yl)piperidine (1 40 mg) as a white solid. 

(4) The above-mentioned compound (140 mg) was dissolved in ethanol (10 mL), and the mixture was stirred in 
the presence of 10% palladium/carbon (100 mg) at room temperature under a hydrogen atomosphere (1 atm) for 
4 hr. The reaction mixture was filtrated and the filtrate was concentrated under reduced pressure to qive 4-(2-tert- 

™ butyl-2H-tetrazol-5-yl)piperidine (85 mg) as a white solid. 

(5) Using the above-mentioned compound (85 mg) and the title compound (117 mg) of Reference Example 12 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(2-tert.butyl-2H-tetrazol-5-yl) 
pipendino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (192 mg) was obtained as a white powder. 

(6) Using the above-mentioned compound (192 mg), and in the same manner as in Example 257 (3) the title 
45 compound (1 1 3 mg) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )81 .67(9H,s), 1 .95-2.30(5H,m), 2.92-4.1 0(13H,m), 4.40-4.73(3H,m). 

Example 299 



20 
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50 [0419] Synthesis of 3-((2S,4S)-4-{4-[1-(4-m^^ 
1,3-thiazohdine dihydrochloride 



55 



(1) Isonipecotic acid (19.0 g) was dissolved in water (150 mL) and 1 ,4-dioxane (300 mL), 1 mol/L aqueous sodium 
hydroxide solution (1 50 mL) and di-tert-butyl dicarbonate (35.3 g) were added thereto under ice-cooling The mix- 
ture was stirred at room temperature for 3 days. 1 ,4-Dioxane was evaporated under reduced pressure and 5% 
potassium hydrogen sulfate was added to the residue. The precipitated solid was collected by filtration to give 
1 -tert-butoxycarbonylisonipecotic acid (33.0 g) as a white solid. 

(2) The above-mentioned compound (2.63 g), HOBT (2.11 g) and EDC hydrochloride (2.64 g) were dissolved in 
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DMF (50 mL), and p-anisidin (1 .41 g) was added thereto. The mixture was stirred at room temperature for 3 hr. 
Water was added to the reaction mixture, and the precipitated solid was collected by filtration to give 1 -t rt-butox- 
ycarbonylisonipecotic acid 4-methoxyphenylamide (2.84 g) as a white solid. 

(3) The above-mentioned compound (1.06 g) was dissolved In tetrahydrofuran (30 mL), and trimethylsilylazide 
5 (845 ul), triphenylphosphine (1 .66 g) and 40% diisopropyl azodicarboxy late/toluene solution (3.20 g) was added 

thereto. The mixture was stirr d at room temperature for 23 hr. Water was added to the reaction mixture, and the 
mixture was extracted with ethyl acetate. The extract was washed with brine, dried, and concentrated under re- 
duced pressure. The residue was purified by H PLC to give 1 -tert-butoxycarbonyl-4-[1 -(4-methoxyphenyl)-1 H-tetra- 
zol-5-yl]piperidine (0.514 g) as a white solid. 
10 (4) The above-mentioned compound (514 mg) was dissolved In dichloromethane (1 0 mL), and trifluoroacetic acid 

(3 mL) was added thereto at room temperature. The mixture was stirred for 5 hr. The solvent was evaporated 
under reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. 
The mixture was extracted with chloroform. The extract was dried and concentrated under reduced pressure to 
give 4-[1-(4-methoxyphenyl)-1H-tetrazol-5-yl]piperidine (260 mg) as an oil. 
is (5) Using the above-mentioned compound (260 mg) and the title compound (295 mg) of Reference Example 12, 

a nd in the same m anner as in Exam ple 70 (1), 3-((2S,4S)-1-tert-butox ycarbo nyl-4-{4-[1-(4-methoxyphenyl)-1H- 

tetrazol-5-yl]piperidino}-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (427 mg) was obtained as a white powder. 
(6) Using the above-mentioned compound (424 mg), and in the same manner as in Example 133 (2), the title 
compound (301 mg) was obtained as a white powder. 
20 1 H-NMR(500MHz,DMSO-d 6 )51.95-2.35(5H r m), 2.87-3.95(1 3H,m), 3,87(3H,s), 4.46-4.73(3H,m), 7.19(2H,d, 

J=8.8Hz), 7.61(2H,d,J=8.8Hz), 9.10(1H,brs), 1 0.70(1 H.brs), 12.02(1 H.brs). 

Example 300 

25 [0420] Synthesis of 3-{(2S,4S)-4-[4-(5-chloro-3-benzofuranyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine di- 
hydrochloride 

(1) Using 4-(5-chloro-3-benzofuranyl)piperidine (380 mg) and the title compound (404 mg) of Reference Example 
1 2, and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(5-chloro-3-benzofuranyl) 

so plperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (697 mg) was obtained as a pale-yellow powder. 

(2) Using the above-mentioned compound (697 mg), and in the same manner as in Example 133 (2), the title 
compound (1 82 mg) was obtained as a brown powder 

1 H-NMR(500MHz,DMSO-d 6 )82.00-2.40(5H,m), 2.90-4.1 4(1 3H,m), 4.49-4.74(3H,m), 7.35(1 H,dd,J=8.7,1. 8Hz), 
7.61(1H,d,J=8.7Hz), 7.94(1 H,s), 7.99(1H,s), 9.22(1H,brs), 10.71 (IH.brs), 12.11(1H,bre). 

35 

Example 301 

[0421] Synthesis of 3-{(2S,4S)-4-[4-(2-benzimidazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine ^hydro- 
chloride 

40 

(1 ) Acetyl chloride (1 80 mL) was dropwise added to a mixture of ethanol (1 60 mL) and chloroform (1 80 mL) under 
ice-cooling. After the mixture was stirred for 30 min, a solution of 1 -benzyloxycarbonyl-4-cyanopiperidine [product 
of Example 298 (2), 20.6 g] in chloroform (1 80 mL) was added thereto under ice-cooling. The mixture was stirred 
at room temperature for 18 hr. The reaction mixture was concentrated under reduced pressure to give 1 -benzy- 
ls loxycarbonyl-4-(ethoxycarbonimidoyl)piperidine hydrochloride (28.7 g) as a white solid. 

(2) The above-mentioned compound (2.88 g) and 1 ,2-phenylenediamine (1 .19 g) were dissolved in ethanol (50 
mL), and the mixture was refluxed for 4 hr. The reaction mixture was concentrated under reduced pressure, and 
0.5 mol/L aqueous sodium hydroxide solution was added to the residue. The mixture was extracted with chloroform. 
The extract was washed successively with 0.2 mol/L hydrochloric acid, saturated aqueous sodium hydrogencar- 

so bonate solution and brine, and dried. The solvent was evaporated under reduced pressure and the residue was 

purified by silica gel chromatography to give 1-benzyloxycarbonyl-4-(2-benzimidazolyl)piperidine (2.61 g) as a 
pale-brown solid. 

(3) The above-mentioned compound (2.50 g) was dissolved in methanol (50 mL), and the mixture was stirred in 
the presence of 10% palladium/carbon (500 mg) at room temperature under a hydrogen atomosphere (1 atm). 

55 The reaction mixture was filtrated and the filtrate was concentrated under r duced pressure to give 4-(2-benzimi- 

dazolyl)piperidine (1 .50 g) as a pale-brown solid. 

(4) Using the above-mentioned compound (332 mg) and the title compound (450 mg) of Reference Example 12, 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-4-[4-(2-benzimidazolyl)piperidino]-1 -tert-butoxycarbonyl- 
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2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (434 mg) was obtained as a yellow solid 

1 H-NMR(CDCI 3 )51 .36(4.5H,s) ,1 .40(4.5H,s) ,1 .75-2.32(7H,m), 2.43-2.56(1 H,m), 2.75-4.1 5(1 0H,m), 4.38-4 82(3H 
m), 7.17-7.25(2H,m) l 7.41(1H,brs), 7.68(1H,brs), 10.74(1 H.brs). 

(5) The above-mentioned compound (430 mg) was dissolved in ethanol (4 mL), and 4.1 mol/L hydrochloric acid- 
ethanol (2.2 mL) was added thereto. The mixture was stirred at room temperature for 13 hr. The precipitated solid 
was collected by filtration to give the title compound (31 8 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )te.20-2.57(5H,m), 2.95-4.07(1 3H,m), 4.47-4.79(3H.m), 7.48-7.57(2H,m), 7.74-7 83(2H m) 
9.14(1H I brs),10.91(1H,brs),12.18(1H l brs). 1 ' 

Example 302 

[0422] Synthesis of 3-{(2S f 4S)-4-[4-(5-cyano-2-ben 2 imidazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
trihydrochloride 

(1 ) Using 1 -benzyloxycarbonyl-4-(ethoxycarbonimidoyl)piperidine hydrochloride [product of Example 301 (1 ) 2 87 
9] apd3^!amjnob^r g] , and in the sam e manner as in Exampje301 

(2) , 1"benzyloxycarbonyl-4-(5-cyano-2-benzimida2olyl)piperidine (2.11 g) was obtained as a pale-brown solid 

(2) Using the above-mentioned compound (2.11 g), and in the same manner as in Example 301 (3), 4-(5-cyano- 
2-benzimidazolyl)piperidine (1 .44 g) was obtained as a yellow powder. 

(3) Using the above-mentioned compound (498 mg) and the title compound (601 mg) of Reference Example 12 
and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-1 -tert-butoxycarbonyl-4-[4-(5-cyano-2-benzimidazolyl) 
pipendino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (463 mg) was obtained as a white solid. 

(4) 4 mol/L Hydrochloric acid-1 ,4-dioxane (2.5 mL) was added to the above-mentioned compound (459 mg) and 
the mixture was stirred at room temperature for 10 days. The precipitated solid was collected by filtration to'qive 
the title compound (41 2 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )62.17-2.60(5H,m), 2.95-4.1 0(1 3H,m), 4.45-4.79(3H,m), 5.7(1H,brs), 7.73(1 H d J=8 4Hz) 
7.82<1H,d,J=8.4Hz),8^ * 

Example 303 

[0423] Synthesis of 3-{(2S,4S)-4-[4-(5-fluoro-2-benzimidazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 
trihydrochloride 

(2) Using the product (2.87 g) of Example 301 (1) and 4-fluoro-1,2-phenylenediamine [product of Example 233 

(1) , 1.38 g], and in the same manner as in Example 301 (2), 1-benzyloxycarbonyl-4-(5-fluoro-2-benzimidazoM) 
piperidine (2.72 g) was obtained as a yellow solid. 

(2) Using the above-mentioned compound (2.71 g), and in the same manner as in Example 301 (3) 4-(5-fluoro- 
2-benzimidazolyl)piperidine (1 .84 g) was obtained as a brown-dark solid. 

(3) Using the above-mentioned compound (488 mg) and the title compound (601 mg) of Reference Example 12 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-fluoro-2-benzimidazolyl) 
pipendino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (505 mg) was obtained as a pale-brown solid. 

(4) The above-mentioned compound (501 mg) was dissolved in ethanol (5.5 mL), and 4.1 mol/L hydrochloric acid- 
ethanol (3.7 mL) was added thereto. The mixture was stirred at room temperature for 3 days. The precipitated 
solid was collected by filtration to give the title compound (391 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )52.17-2.55(5H,m), 2.93-4.1 0(1 3H,m), 4.45-4.78(3H,m), 7.30-7.41 (1H,m), 7.60(1Hdd 
J=8.6,2.1Hz), 7.79(1 H,dd,J=8.9,4.5Hz), 9.14(1H,brs), 1 0.96(1 H.brs), 12.16(1 H.brs). ' ' 

Example 304 

[0424] Synthesis of 3-{(2S,4S)-4-[4-(5-cyano-1 3 _ th| _ 
azolidine 3 hydrochloride 

(1) Using the product (1.29 g) of Example 301 (1) and 3-amino-4-methylaminobenzonitrile (0.61 g) and in the 
same manner as in Example 301 (2), 1-benzyloxycarbonyl-4-(5-cyano-1-methyl-2-benzimidazoryl)pipe , ridine (1 03 
g) was obtained as a pale-brown solid. 

(2) Using the above-mentioned compound (1 .03 g), and in the same manner as in Example 301 (3) 4-(5-cyano- 
1 -methyl-2-benzimidazolyl)piperidine (0.549 g) was obtained as a yellow solid. 

(3) Using the above-mentioned compound (396 mg) and the title compound (450 mg) of Reference Example 12 
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and in the sam manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-cyano-1-m thyl-2-benz- 
imidazolyl)plperidinoJ-2-pyrrolidlny!caroonyl}-1 ,3-thiazolidln (31 6 mg) was obtained as a white solid. 
(4) The above-mentioned compound (313 mg) was dissolved in ethyl acetate (1 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (3 mL) was added thereto. The mixture was stirred at room temperature for 1 8 hr. The precipitated 
s solid was collected by filtration to give the title compound (298 mg) as a white powder. 

iH-NMR(DMSO-d 6 )62.13-2.43(5H f m), 2.97-3.35(5H,m), 3.42-4.07(1 3H r m), 4.47-4.90{3H,m), 7.71(1H,d t 
J=8.4Hz), 7.84(1 H,d,J=8.4Hz), 8.19(1H,s), 9.14(1H,brs), 10.91(1 H.brs), 12.1 4(1 H.brs). 

Example 305 

10 

[0425] Synthesis of 3-{(2S,4S)-4-[4-(5-fluoro-1-methyl-2-benzimidazolyl)piperidino]-2-pyrrolidinylcaroonyl}-1 ,3-thia- 
zolidine trihydrochloride 

(1) Using the product (2.87 g) of Example 301 (1) and 4-fluoro-N1-methyl-1,2-phenylenediamine [product of Ex- 
*5 ample 238 (1 ), 1 .30 g], and in the same manner as In Example 301 (2), 1 -benzyloxycarbonyl-4-(5-fluoro-1 -methyl- 
2^benzimidazolyl)piperidine-(2.83-g).was.obtainedas-a.brown=dark-Oil 

(2) Using the above-mentioned compound (2.83 g), and in the same manner as in Example 301 (3), 4-(5-fluoro- 

1- methyl-2-benzimidazolyl)piperidine (1 .65 g) was obtained as a brown solid. 

(3) Using the above-mentioned compound (513 mg) and the title compound (601 mg) of Reference Example 12, 
20 and in the same manner as in Example 70 (1), 3-{(2S t 4S)-1-tert-butoxycarbonyl-4-[4-(5-fluoro-1-methyl-2-benz- 

imidazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (377 mg) was obtained as a pale-brown solid. 

(4) The above-mentioned compound (373 mg) was dissolved in ethyl acetate (1 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (3.8 mL) was added thereto. The mixture was stirred at room temperature for 12 hr. The pre- 
cipitated solid was collected by filtration to give the title compound (226 mg) as a white powder. 

25 1 H-NMR(DMSO-d 6 )52.18-2.43(5H l m) l 2.97-3.37(5H,m),3.60-4.09(13H,m),4.47-4.80(4H,m), 7.39(1 H,t,J=8.7Hz), 

7.57(1 H,dd,J=8.7,2.0Hz), 7.83-7.92(1 H,m), 9.14(1 H.brs), 1 0.95(1 H,brs), 1 2,14(1 H,brs). 

Example 306 

30 [0426] Synthesis of 3-{(2S,4S)-4-[4-(5-methyl-2-benzoxazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine 

(1) Using the product (2.50 g) of Example 301 (1) and 2-amino-4-methylphenol (1 .60 g), and in the same manner 
as in Example 301 (2), 1-benzyloxycarbonyl-4-(5-methyl-2-benzoxazolyl)piperidine (2.01 g) was obtained as a 
dark brown oil. 

35 (2) Using the above-mentioned compound (2.00 g), and in the same manner as in Example 301 (3), 4-(5-methyl- 

2- benzoxazolyl)piperidine (1.21 g) was obtained as a green solid. 

(3) Using the above-mentioned compound (0.714 g) and the title compound (0.901 g) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S l 4S)-1-tert-butoxycarbonyl-4-[4-(5-methyl-2-benzoxazolyl) 
piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .47 g) was obtained as a pale-green solid. 

40 (4) The above-mentioned compound (1 .47 g) was dissolved in 4.1 mol/L hydrochloric acid-ethanol (7 mL), and the 

mixture was stirred at room temperature for 6 hr. The reaction mixture was concentrated under reduced pressure, 
and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was extracted 
with chloroform. The extract was dried and concentrated under reduced pressure. The residue was purified by 
silica gel chromatography and recrystallized from diethyl ether to give the title compound (0.601 g) as a white 

45 powder. 

1 H-NMR(DMSO-d 6 )51 .52-1 .65(1 H,m), 1 .72-1 .88(2H,m), 1 .98-2.1 8(4H,m), 2.22-2.33(1 H,m), 2.40(3H,s), 2.64-3.03 
(7H,m), 3.07(1 H,t,J=6.2Hz), 3.58-3.93(3H,m), 4.38-4.68(2H,m), 7.15(1H,dd,J=8.3,1.3Hz), 7.48(1 H,d,J=1 .3Hz), 
7.53(1 H,d,J=8.3Hz). 

50 Example 307 

[0427] Synthesis of 3-{(2S,4S)-4-[4-(5-trifluoromethyl-2-benzoxazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazo- 
lidine 

55 (1) Using the product (2.96 g) of Example 301 (1) and 2-amino-4-trifluoromethylphenol (2.30 g), and in the same 

manner as in Example 301 (2), 1-benzyloxycarbonyl-4-(5-trifluoromethyl-2-benzoxazolyl)piperidine (2.68 g) was 
obtained as a brown oil. 

(2) Using the above-mentioned compound (2.68 g), and in the same manner as in Example 301 (3), 4-(5-trifluor- 
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omethyl-2-benzoxazolyl)piperidine (1.74 g) was obtained as a pale-gr en oil. 

(3) Using the above-mentioned compound (0.892 g) and the title compound (0.901 g) of Refer no Examol 1 2 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert.butoxycarbonyl-4-[4-(5-trifluoromethyl-2-benzox- 
a2ofy| ) p l perid,no]-2- P yrrolidinylcarbonyl}-1,3-thlazolidine (1.56 g) was obtain d as a white solid 

(4) The above-mentionedcompound (1 .47 g) was dissolved in 4.1 mol/L hydrochloric acid-ethanol (7 mL) and the 
mixture was stirred at room temperature fori 6 hr. The reaction mixture J««««^uf^ J^ST 
w»h ,hS aq ^ ou " odlum hydrogencarbonate solution was added to the residue. The mixture was extracted 
J! !!? , T W8S dfied 3nd concentrated und ^r reduced pressure. The residue was purified by 
^H^MRfDMS^d ^^^I ^rkiiu^^^v 0 ™ d ' e '^^' emer *° 9^ the title compound (0.034 g) as a white powder 
iH-NMR(DMSO-d 6 )81. 54-1. 65(1 H,m), 1.74-1.89(2H,m), 2.03-2.24(4H,m), 2.27-2.38(1 H m) 2 71-314f8Hml 
3.58-4.03(3H,m), 4.41-4.72(2H,m), 7.74(1 H,d,J=8.5Hz), 7.92(1 H,d,J=8.5Hz), 8.14(1H s) 314 ( 8H ' m >' 

Example 308 

i°t 28 l / ynthesis of 3 - {(2S -^ 

(1) Using the product (5.92 g) of Example 301 (1) and methyl 3-amino-4-hydroxybenzoate (4.34 g), and in the 
g) was obtained as a slightly red solid. ~n»io.f» 

(2) Using the above-mentioned compound (2.02 g), and In the same manner as in Example 301 (3) 4-(5-methox- 
ycarbonyl-2-benzoxazolyl)piperidine(1 .40 g) was obtained as a pale-yellow solid 

(3) I Using the above-mentioned compound (0.858 g) and the title compound (0.901 g) of Reference Example 12 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1 -tert-butoxycamonyl-4-[4-(5-methoxycarbonyl-2-ben- 
zoxazolyl^.peridino J .2-pyn-olidinylcarbon y i}-1 ,3-thiazolidine (1 .48 g) was obtained as a white solid 

12 L a .^TT. nti0ne l C °T Und (1 47 9) W3S diSS0,Ved in metnano1 < 2 mL >- and 56 mol/ L hydrochloric acid- 
methanol (2.5 mL) was added thereto. The mixture was stirred at room temperature for 14 hr. The reaction mixture 

g) I as a white pwT P " * HPLC CrySta,li2ed ,rom dieth y' etner to the «tte compound (0.080 
^H-NMR(DMSO-d 6 )81 .56-1 .67(1 H,m) 1.74-1.89(2H,m), 2.03-2.24(4H,m), 2.32-2.43(1 H m) 2 72-3 12f8Hm1 
3.48-3.73(1 H,m), 3.48-3.73(1 H,m), 3.80-3.90(1 H,m), 3.88(3H,s), 3.96-4 08 1H,m) 4 42 A i 72 2H \ m) 5 gflH K 
7.82(1 H,d,J=8.5Hz), 8.00(1 H,dd,J=8.5,1.7Hz), 8,24(1 H,d,J=1.7Hz). 4.72(2H,m), 5.3(1H,brs), 

Example 309 

Se Synth6SiS ° f 3 ^ 2S, ^ ) ^ f4 - (5 - e,ho ^ a * 0 ^ | - 2 * enzoxa2 °Wplperi 

0) Using the product (25.0 g) of Example 301 (1 ) and ethyl 3-amino-4-hydroxybenzoate (1 8.8 g), and in the same 

(2) Using the above-mentioned compound (10.2 g), and in the same manner as in Example 301 (3) 4-(5-ethoxv- 
carbonyl-2-benzoxazolyl)piperidine (7.05 g) was obtained as a white solid 

L 3) ,Ii Si l 9 above - mentio " ed impound (4.04 g) and the title compound (4.03 g) of Reference Example 12, and 
n Samemanner as ln Exam P |e 70 (D. 3-{(2S.4S)-1-tert-butoxycamonyl-4-[4-(5-ethoxyca ro onyl-2 benzoxa 
zo yi)p,pend,no]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (7.56 g) was obtained as a white powder 
W The above-mentioned compound (2.24 g) was dissolved in dichloromethane (4 mL) and trifluoroacetic acid (2 
mL) and the mixture was stirred at room temperature for 15 hr. Saturated aqueous sodium hydrogencarbona e 
olujon was added to the reaction mixture, and the mixture was extracted with chloroform. The fextraa was dried 
and the so vent was evaporated under reduced pressure. The residue was purified by silica gel chromatography 
and recrystall.zed from diethyl ether to give the title compound (1 .18 g) as a white powder 

1^ ^?ou C ' 3 ! 51 ' 41(3H ' t,J=7 ' 2HZ) " 1 - 65 - 2 45 ( 8H . m ). 2.94-3.16(9H,m), 3.63-3.98(3H,m), 4.40(2H.q,J=7 2Hz) 
4.44-4.68(2H,m),7.51(1H,d,J=8.7Hz), 8.07(1 H,dd,J=8.7,1.8Hz). 8.39(1 H,d,J=18Hz 



116 



EP 1 308 439 A1 



Example 310 

[0430] Synthesis of 3-{(2S,4S)-4-[4-(5-carboxy-2-benzox 
dihydrochloride 

(1) 3-{(2S,4S)-1-tert-Butoxycarbonyl-4-^ 

1 ,3-thiazolidine [product of Example 309 (3), 4.51 g] was dissolved in ethanol (16 mL) and water (8 mL), and lithium 
hydroxide mono hydrate (678 mg) was added. The mixture was stirred at room temperature for 3.5 hr. The reaction 
mixture was diluted with water, and 1 mol/L hydrochloric acid was added to adjust its pH to 7. The mixture was 
extracted with chloroform. The extract was dried and concentrated under reduced pressure to give 3-{(2S,4S)- 
1 -tert-butoxycart)onyl-4-[4-(5-carboxy-2-benzoxazolyl)piperidino]-2-pyrrolidinylcart5onyl}-1 ,3-thiazolidine (3.45 g) 
as a white powder. 

(2) Using the above-mentioned compound (786 mg), and in the same manner as in Example 167 (2), the title 
compound (689 mg) was obtained as a white powder. 

1 H-NMR(DMSO-d 6 )82.10-2.45(5H,m) ( 2.88-4.12(13H t m), 4.45-4.81 (3H,m), 7.82(1 H,d,J=8.7Hz), 8.02(1H t dd, 
J=8.7,1.5Hz), 8.24(1 H,d, J=1 .5 Hz), 9.20(1H,brs), 10.45(1 H.brs), n.OOdH.brs), 1 3.15(1 H.brs). 

Example 311 

[0431] Synthesis of 3-{(2S,4S)-4-[4-(5-carbamoyl-2-benzoxazolyl)piperidino]-2-pyrrolidinylcarbonyl)-1 ,3-thiazolid- 
ine 

(1 ) 3-{(2S,4S)-1 -tert-Butoxycarbonyl-4-[4-(5-carboxy-2-benzoxazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thia- 
zolidine [product of Example 310 (1), 1 .06 g] was dissolved in tetrahydrofuran (5 mL), and triethylamine (0.279 
mL) and isobutyl chlorocarbonate (0.263 mL) were added thereto under ice-cooling. The mixture was stirred at 
room temperature for 30 mln. A solution of 7 mol/L ammonia-methanol (1 mL) was added to the reaction mixture, 
and the mixture was stirred at room temperature for 15 hr. Water was added to the reaction mixture, and the mixture 
was extracted with chloroform. The extract was dried and concentrated under reduced pressure. The residue was 
purified by silica gel chromatography to give 3-{(2S,4S)-1 -tert-butoxycaifconyl-4-[4-(5-carbamoyl-2-benzoxazolyl) 
piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (345 mg) as a white powder. 

(2) The above-mentioned compound (335 mg) was dissolved in dichloromethane (0.5 mL) and trif luoroacetic acid 
(0.5 mL), and the mixture was stirred at room temperature for 7.5 hr. Saturated aqueous sodium hydrogencarbonate 
solution was added to the reaction mixture, and the mixture was extracted with chloroform. The extract was dried, 
and concentrated under reduced pressure to give the title compound (75 mg) as a white powder. 
1 H-NMR(CDCI 3 )51. 65-1. 78(1 H,m), 1.95-2.47(8^), 2.85-3.1 9(8H,m), 3.62-3.75(1 H,m), 3.77-3.98(2H,m), 
4.47-4.67(2H,m), 5.88(1 H.brs), 6.1 8(1 H.brs), 7.54(1 H,d,J=9.6Hz), 7.87(1 H,dd,J=9.6,1. 5Hz), 8.11 (1H,d,J=1.5Hz). 

Example 312 

[0432] Synthesis of 3-((2S l 4S)-4-{4-[5-(N-methylcaroamoyl)-2-benzoxazolyl]piperidino}-2-pyrrolidinylcarbonyl)- 
1,3-thiazolidine 

(1 ) Using the product (1 .06 g) of Example 31 0 (1 ) and 30% methylamine-ethanol solution (1 mL), and in the same 
manneras in Example311 (1), 3-((2S l 4S)-1-tert-butoxycarbonyl-4-{4-[5-(N-methylcarbamoyl)-2-benzoxazolyl]pip- 
eridino}-2-pyrrolidinylcarbonyl)-1 ,3-thiazolidine (0.725 g) was obtained as a white powder. 

(2) Using the above-mentioned compound (669 mg), and in the same manner as in Example 311 (2), the title 
compound (386 mg) was obtained as a white powder. 

1 H-NMR(CDCI 3 )81 .62-1 .78(1 H,m), 1.92-2.38(8H,m), 2.87-3.20(11 H,m), 3.63-3.74(1 H,m), 3.75-3.97(2H,m), 
4.47-4.67(2H,m), 6.35(1 H.brs), 7.51(1H,d,J=8.5Hz), 7.81(1H,dd,J=8.5,1 .7Hz), 8.04(1 H,d,J=1.7Hz). 

Example 313 

[0433] Synthesis of 3-((2S,4S)-4-{4-[5-(N,N-dimethylcaroamoyl)-2-benzoxazolyl]piperidino}-2-pyrrolidinylcart)onyl)- 
1 ,3-thiazolidine dihydrochloride 

(1) The product (1 .36 g) of Example 310 (1) and dimethylamine hydrochloride (0.244 g) were dissolved in DMF, 
and triethylamine (0.42 mL), HOBT (0.457 g) and EDC hydrochloride (0.572 g) were added thereto. The mixtur 
was stirred at room temperature for 1 .5 hr. The saturated aqueous sodium hydrogencarbonate solution was added 
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'° n J n e r ^ ti0 " mi ^ re - an T d « hem Wur was xtracted with ethyl acetate. The extract was dried and concen.rat d 
under reduced pressure. The residu was purified by silica gel chromatography to giv 3-((2S,4S)-1 -tert-butoxy- 
cart,onyU- { 4-[5-(N,N-dime% 
(0 /86 g) as a white powder. 

(2) Using the above-mentioned compound (760 mg), and in the same manner as in Example 167 (2) the title 
compound (634 mg) was obtained as a white powder ' '' 

iH-NMR(DMSO-d 6 )62.13-2.46(5H,m), 2.84-4.1 0(1 9H,m), 4.41-4.79(3H,m), 7.43(1 H,dd,J=1 5 8 4Hz) 7 75-7 78 
(2H,m),9.18(1H,brs),10.63(1H,brs), 12.05(1 H.brs). WTO). 7.75 7.78 

Example 314 

[0434] Synthesis of 3-{(2S,4S)-4-[4-(5-c y ano-2-benzoxazolyl)pi P eridi n o]-2-pyrrolidin y icart,on y i}-1 ,3-thiazolidine 

is SSS ( f f 9) ,° f EX T' e ? V 0) 3 - amin ^^n°Pnenol (1 .47 g), and in the same manner 
br*L^ 



(2) Using the above-mentioned compound (2.43 g), and in the same manner asm Example3o7(3^, 4-(5-cyano. 
2-ben2oxazolyl)p.peridine (1.33 g) was obtained as a brown-dark solid J.Mo-cyano 

(3) Using the above-mentioned compound (409 mg) and the title compound (450 mg) of Reference Example 12 
and .n the same manner as in Example 70 (1), 3-{(2S,4S)-1-te rt -butoxycart,onyl-4-[4-(5-cyano-2-ben 2 oxazolyO 
pipend.no]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (230 mg) was obtained as a white solid * ' 
(4 The above-mentioned compound (226 mg) was dissolved in ethyl acetate (1 mL), and 4 mol/L hydrochloric 
acjd-ethyl acetate (1 .1 mL) was added thereto. The mixture was stirred at room temperas 

:raddrtoT entr r T r reduced pressure ' and saturated aque ° us ^ ^J^si z£ 

unlrl^ h reSldue Th The mixture was extracted with chloroform. The extract was dried, and concentrated 

te^SSS PreS8Ure ■ JST ' dUe W3S PUdfied by SlliCa 9Sl chromato 9^Phy and crystallized from ethyl acetate 
to give the title compound (869 mg) as a white powder. 

l H R??^H S0 ^l^l- 85(1H,m) ' 173 - 19 °( 2H - m ). 2 04-2.24(4H,m), 2.27-2.37(1 H,m), 2.68-3.12(8H m) 
3.60-3.98(3H,m), 4.40-4.69(2H,m), 7.84(1 H,dd,J=8.4,1. 4Hz), 7.92(1 H,d,J=8.4Hz), 8.32(1 H,d,J=1 .4Hz). 

Example 315 



H^ISlMS^^h 9> °! &- T 301 0 ] and 3 - amin °-^thoxyphenol 2.72 g, and in the same manner 
orange oT 1 - benz y'°^arbonyl-4-(5-methoxy-2-benzoxazolyl)piperidine (4.35 g) was obtained as an 

(2) Using the above-mentioned compound (4.25 g), and in the same manner as in Example 301 (3) 4-(5-methoxv- 
2-benzoxazolyl)piperidine (2.47 g) was obtained as a red-brown solid ^ 
SJH Si!? ab0Ve ' mentioned «""P<>und (0.767 g) and the title compound (0.901 g) of Reference Example 12 

p.pend.no]-2-pyrrol.dinylcarbonyl)-1 ,3-thiazolidine (1 .38 g) was obtained as a white solid 

it aTol 1 5 V mn !?2 C H°7 0U t nd i- 37 9) W3S diSS ° IV6d in ethan °' (4 mL) " and 41 mol/L nydrochioric acid- 
wa ^ndnS h! h ^ S ? °' ^ mKtUre WaS « t " red * tempetaturefor 16 hr. The reaction mixture 

J-2.5HZ), 7.60(1 H,d,J=8.9Hz), 9.14(1H,brs), 10.67(1H,bre), 12.03(1 H.brs). 
Example 316 

2 e Synth6SiS ° f ^( 2S - 4S )^-t 4 -( 2 -b a ^°thiazolyl)pi P eridino]-2-p y rrolidinylcamonyl}-1,3-thiazolidine dihydro- 

ei^S™ ^ d , UC /o ( K 74 9) 5 EXamP ' e 301 (1 > and 2 - ami "°t"i°Phenol (2.3 mL), and in the same manner as in 
m T J ^ 4 ;f 2 - banzo,hiaz °VI)-1 -benzyloxycarbonylpiperidine (3.76 g) was obtained as a yellow solid 
(2) The above-mentioned compound (986 mg) and thioanisole (1.0 mL) were dissolved in trifluoroacetic acid (10 
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ml_), and the mixture was stirred at room temperature for 11 hr. The reaction mixture was concentrated under 
reduced pressure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The 
mixture was extracted with chloroform. The extract was dried and concentrated under reduced pressure to give 
4-(2-benzothiazolyl)plp ridin (0.299 g) as a white solid. 
5 (3) Using the above-mentioned compound (297 mg) and the title compound (409 mg) of Reference Example 12, 

and in the same manner as in Example 70 (1 ), 3-{(2S,4S)-4-[4-(2-benzothiazolyl)piperidino]-1 -tert-butoxycarbonyl- 
2-pyrrolidinylcarbonylH ,3-thiazolidine (625 mg) was obtained as a white solid. 

1 H-NMR(CDCI 3 )61 .41 (4.5H.S), 1 .46(4.5H,s), 1 .82-2.06(3H,m), 2.14-2.32(4H,m), 2.39-2.52(1 H,m), 2.78-3.21 (6H, 
m), 3.32(1H,t,J=10.0Hz), 3.63-4.1 2(3H,m), 4.37-4.79(3H,m), 7.35(1 H,t,J=7.8Hz), 7.46(1 H,t,J=7.8Hz), 7.86(1 H,d, 
10 J=7.8Hz), 7.97(1 H.d,J=7.8Hz). 

(4) The above-mentioned compound (621 mg) was dissolved in 1 .1 mol/L hydrochloric acid-methanol (6 mL), and 
the mixture was stirred at room temperature for 2 days. The reaction mixture was concentrated under reduced 
pressure and the residue was crystallized from ethanol (6 mL) to give the title compound (423 mg) as a white 
powder. 

15 1 H-NMR(DMSO-d 6 )82.16-2.46(5H,m), 2.94-3.36(5H f m), 3.40-4.08(8H,m), 4.47-4.78(3H,m), 7.44(1 H,t,J=7.8Hz), 
Z-^lH^^JtoX 

Example 317 

20 [0437] Synthesis of 3-{(2S,4S)-4-(4-(5-trifluoromethyl-2-benzothiazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thia- 
zolidine 

(1) The product (2.96 g) of Example 301 (1), 2-amino-4-trifluoromethylthiophenol hydrochloride (2.99 g) and tri- 
ethylamine (1 .8 mL) were dissolved in ethanol (60 mL), and the mixture was refluxed for 4 hr. The reaction mixture 

25 was concentrated under reduced pressure, and 0.5 mol/L aqueous sodium hydroxide solution was added to the 

residue. The mixture was extracted with chloroform. The extract was washed successively with 0.5 mol/L hydro- 
chloric acid, saturated aqueous sodium hydrogencarbonate solution and brine, and dried. The solvent was evap- 
orated under reduced pressure and the residue was purified by silica gel chromatography to give 1 -benzyloxycar- 
bonyl-4-(5-trifluoromethyl-2-benzothiazolyl)piperidine (1 .75 g) as a pale-yellow oil. 

30 (2) The above-mentioned compound (1 .74 g) was dissolved in 30% hydrogen bromide-acetic acid solution (8 mL), 

and the mixture was stirred at room temperature for 1 hr. Diethyl ether (1 0 mL) was added to the reaction mixture, 
and the precipitated solid was collected by filtration. The saturated aqueous sodium hydrogencarbonate solution 
was added to the precipitated solid, and the mixture was extracted with chloroform. The extract was dried and 
concentrated under reduced pressure to give 4-(5-trifluoromethyl-2-benzothiazolyl)piperidine (0.943 g) as a pale- 

35 yellow solid. 

(3) Using the above-mentioned compound (0.923 g) and the title compound (0.901 g) of Reference Example 12, 
and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(5-trifluoromethyl-2-benzo- 
thiazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .60 g) was obtained as a white solid. 

(4) The above-mentioned compound (1 .60 g) was dissolved in 4.1 mol/L hydrochloric acid-ethanol (7 mL), and the 
40 mixture was stirred at room temperature for 2 days. The reaction mixture was concentrated under reduced pres- 
sure, and saturated aqueous sodium hydrogencarbonate solution was added to the residue. The mixture was 
extracted with chloroform. The extract was dried and concentrated under reduced pressure. The residue was 
purified by silica gel chromatography and crystallized from diethyl ether to give the title compound (0.848 g) as a 
white powder. 

« 1 H-NMR(DMSO-d 6 )S1. 52-1. 65(1 H,m), 1 .72-1.88(2H,m), 2.04-2.20(4H r m), 2.22-2.33(1 H,m), 2.67-3.23(8H,m), 

3.58-3.92(3H,m), 4.40-4.70(2H,m), 7.74(1 H,dd,J=8.4, 1 .5Hz), 8.31 (1H,d,J=1. 5Hz), 8.34(1 H,d,J=8.4Hz). 

Example 318 

so [0438] Synthesis of 3-{(2S,4S)-4-[4-(6-fluoro-3-benz[d]isoxazolyl)piperidino]-2-pyrrolidiny!carbonyl]-1 ,3-thiazolidine 
dihydrochloride 

(1 ) Using 4-(6-fluoro-3-benz[d]isoxa2olyl)piperidine (0.54 g) and the title compound (0.614 g) of Reference Exam- 
ple 12, and in the same manner as in Example 70 (1), 3-{(2S,4S)-1-tert-butoxycarbonyl-4-[4-(6-f!uoro-3-benz[d] 

55 isoxazolyl)piperidino]-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .01 g) was obtained as a white powder. 

(2) Using the above-mentioned compound (1.00 g), and in the same manner as in Example 133 (2), the title 
compound (0.38 g) was obtained as a white powder. 

1 H-NMR(500MHz,DMSO-d 6 )82.05-2.46( 5H,m), 2.92-4.20(1 3H,m), 4.49-4.73(3H,m), 7.32-7.36(1 H,m), 7.72-7.74 



119 



EP 1 308 439 A1 



(1H,m), 8.20(1 H.brs), 9.10(1H,brs), 1 0.60(1 H r brs), 1 2.22(1 H,brs). 
Exampl 319 

[0439] Synthesis of 3-U2S,4S)-4-{2-[(5<yano-2-pyridyl)amino]e^ ,3-thiazolidine 
trihydrochloride 

(1) Using N-(5-cyano-2-pyridyl)ethylenediamine (0.656 g) and the title compound (1 .20 g) of Reference Example 
12, and in the same manner as in Example 70 (1), 3-{(2S l 4S)-14ert-butoxyrarDonyl-4-{2-[(5-cyano-2-pyridyl)ami- 
no]ethyl}amino-2-pyrrolidinylcarbonyl}-1 ,3-thiazolidine (1 .46 g) was obtained as a white solid. 

(2) The above-mentioned compound (656 mg) was dissolved in ethyl acetate (4 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (4 mL) was added thereto. The mixture was stirred at room temperature for 1 2 hr. The precipitated 
solid was collected by filtration to give the title compound (666 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )S2.03-2.19(1H,m), 2.87-2.98(1 H,m), 3.06(1 H,t,J=6.5Hz), 3.10-3.25(3H,m), 3.45-4.1 0(7H,m), 
4.47-4.74(3H,m), 6.67(1 H,d,J=8.9Hz), 7.76(1 H,dd,J=8.9,2.2Hz), 8.03(1 H.brs), 8.46(1 H,d,J=2.2Hz), 8.96(1 H,brs),' 
9;96(2H T brs)-10^64(-1H 7 brs); — — ~ 

Example 320 

[0440] Synthesis of 3-[(2S,4S)-4-(N-acetyl-N-{2^ 
1 ,3-thiazolidine dihydrochloride 

(1 ) 3-{(2S,4S)-1 -tert-Butoxycarbonyl-4-{2-[(5-cyano ,3-thia- 
zolidine [product of Example 319 (1), 800 mg] and triethylamine (0.42 mL) were dissolved in dichloromethane (20 
mL), and acetyl chloride (0.18 mL) was added thereto under ice-cooling. The mixture was stirred at room temper- 
ature for 5 hr. The reaction mixture was added to saturated aqueous sodium hydrogencarbonate solution and the 
mixture was extracted with chloroform. The extract was washed with brine, dried, and concentrated under reduced 
pressure. The residue was purified by silica ge! chromatography to give 3-[(2S,4S)-4-(N-acetyl-N-{2-[(5-cyano- 
2-pyricfyl)amino]ethyi}amino)-1-tert^ (786 mg) as a white 
solid. 

(2) The above-mentioned compound (380 mg) was dissolved in ethyl acetate (3 mL), and 4 mol/L hydrochloric 
acid-ethyl acetate (1 mL) was added thereto. The mixture was stirred at room temperature for 3 hr. The precipitated 
solid was collected by filtration to give the title compound (314 mg) as a white powder. 

1 H-NMR(DMSO-d 6 )51.95-2.10(4H,m), 2.62-2.80(1 H,m), 3.00-3.90(1 1H,m), 4.28-4.77(4H,m), 6.64(1H,d, 

J=8.8Hz), 7.73(1 H,dd,J=8.8,2.2Hz), 7.95(1 H,brs), 8.35(1 H.brs), 8.42(1 H,d,J=2.2Hz), 9.96(1 H,brs). 

The structures of the compound obtained in the above-mentioned Examples are all shown in Tables 1 - 40. 
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[0441 J The compound of the present invention showed a potent DPP-IV inhibitory activity in Experimental Example 
1 shown below. 
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Experimental Exampl 1 (plasma DPP-IV inhibitory activity) 

[0442] The plasma DPP-IV inhibitory activity of human and rat was measured by the fluorescence assay method. 
Using Gly-Pro-MCA (Peptide Institute Inc.) as a DPP-IV specific fluorescent substrate, reaction solutions having the 
5 following compositions and containing test substances having various concentrations were incubated at room temper- 
ature for 60 mm and the measured (SPECTRA FLUOR, TECAN) fluorescent intensity (Exitation 360 nm/Emission 465 
nm) was taken as the DPP-IV activity. 



w 



Rat or human plasma (10-fold diluted solution) 
fluorescent substrate (100 ujnol/L) 
test substance 

buffer (0.003% Brij-35 containing PBS) 


20 uL/well 
20 u.Lywell 
20 uiywell 
140 u±/well 


total amount 


200 ul/well 



[0443] — The inhibitory rate relativeto the solvent addition group-was calculated and-iC^-values were determined by 

logistic analysis. 

[0444] The IC^ values of the plasma DPP-IV inhibitory activity of the present invention as determined by the method 
above are shown in the following table. 





Example compound 
No. 


Human plasma DPP-IV 
Inhibitory activity 
IC 50 (nM) 


Rat plasma DPP-IV 
Inhibitory activity 
ICgo (nM) 


25 


5 


0.18 


0.17 




12 


0.13 


0.15 




20 


0.54 


0.41 




24 


0.51 


0.64 




29 


0.30 


0.22 


30 


39 


1.1 


0.55 




88 


4.8 


6.1 




99 


6.8 


9.4 




143 


1.5 


2.1 


35 


186 


3.7 


4.2 


189 


0.95 


1.0 




212 


0.45 


0.75 




242 


0.33 


0.34 




279 


0.73 


0.79 


40 


296 


1.1 


1.9 




303 


0.61 


1.1 



[0445] As shown in the following, the plasma DPP-IV inhibitory activity of the compound of Japanese Patent Appli- 
cation under 

[0446] PCT laid-open under kohyo No. 9-509921 and the compound of W099/61431 is not sufficient. 



Known compound 


Human plasma DPP-IV Inhibitory activity IC 50 (nM) 


(S)-2-cyano-1-L-prolylpyrrolidine hydrochloride 


2.9 


3-L-prolyl-1 ,3-thiazolidine 


538 



Industrial Applicability 

[0447] From the foregoing Experimental Example and various pharmacological experiments, the compounds of the 
present invention exhibit a potent DPP-IV inhibitory activity and are useful for th prophylaxis or treatm nt of diabetes 
or the prophylaxis or treatment of obesity or the prophylaxis or treatment of HIV infection, cancer metastasis, dermop- 
athy, prostatic hyperplasia, periodontitis or autoimmune disease, and th like. 
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[0448] This application is based on patent application Nos. 24321 7/2000 and 400296/2000 filed in Japan, the con- 
tents of which are hereby incorporated by refer nee. 

5 Claims 

1 . An L-proline derivative of the formula (I) 

10 



15 




wherein 



20 



25 



30 



35 Z 



X shows -NR1R2 wherein FP and R2 may be the same or different and each is independently a hydrogen atom 
alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, or may be bonded to each other 
to form a heterocycle optionally containing 1 or 2 nitrogen atoms or oxygen atoms, the heterocycle optionally 
being condensed with an aromatic ring optionally having substituents, and the spirocycle optionally being a 
spiro ring, -NR3COR* wherein R3 and R* are the same or different and each is independently a hydrogen 
atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl or heteroarylalkyl, -NRSconrSR? 
or -NR5CH 2 CH 2 NR6R7 wherein R5 R6 and R? are the same or different and each is independently hydrogen 
atom, alkyl, acyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, or R* and R? may be 
bonded to each other to form a heterocycle optionally containing 1 or 2 nitrogen atoms or oxygen atoms, the 
heterocycle optionally being condensed with an aromatic ring optionally having substituents, -NR8S0 2 R9 
wherein Ft* and R 9 are the same or different and each is independently a hydrogen atom, alkyl, cycloalkyl, 
cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, or -OR 10 or -OCOR 11 wherein R 10 and R 11 are 
each a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl 
Y isCH 2 ,CH-OH,S,S=OorS0 2 , 

is a hydrogen atom or a cyano, and of the above-mentioned groups, alkyl, aryl, arylalkyl, arylalkenyl, heter- 
oaryl, heteroarylalkyl, cycloalkyl, cycloalkylalkyl and heterocycle each optionally have substituents, 



or a pharmaceutical^ acceptable salt thereof. 
40 2. The L-proline derivative of claim 1 , wherein X of the formula (I) is a substituent selected from the formulas 



R 13 



45 



wherein 

50 



~" N dr R12 ai) — n — C V- R « an) 




55 



is a single bond or a double bond, 

R 12 is alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, -NR 1 4R15 _o R ie -COR17 
-C0 2 R18 -CONRi9R20 or -SO 2 R2i wherein R" R1* Rie R17 R i 8j R 19 R2 o and R 21 are the same or 
different and each is independently a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl or haloalkyl, or R™ and R15, and R™ and R20 may be bonded to each other 
to form heterocycles each optionally containing 1 or 2 nitrogen atoms or oxygen atoms, said heterocycle 
optionally being condensed with an aromatic ring optionally having substituents, 

R 13 is a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, 
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m is 1 or 2, and 

A is a carbon atom or a nitrogen atom, provided that I) when A is a carbon atom, A may be substitut d 

by a hydroxyl group, carboxyl or alkoxycarbonyl, and ii) when A is a nitrogen atom, 



is a single bond, 

of the above-mentioned groups, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl and 
heterocycle each optionally have substituents, 
or a pharmaceutically acceptable salt thereof. 

The L-proline derivative of claim 1 or 2, wherein X of the formula (I) is a substituent selected from the formulas 




wherein 

R 22 is a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroar- 

ylalkyl, 

R 23 and R 24 are the same or different and each is Independently a hydrogen atom, alkyl, aryl, arylalkyl, 

heteroaryl, heteroarylalkyl, halogen, haloalkyl, cyano, nitro, -NR 25 R 26 , -NHS0 2 R 27 , -OR 28 , 
-COOR29 -CONHS0 2 R3<>, -S0 2 0R31, -SO z R 32 or -CONR^R 34 wherein R 25 , R26, R27 } rsm 
r29 R30 t r31 ( R32 f r33 an( j r34 are the same or different and each is independently a 
hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl 
or haloalkyl, or R 25 and R 26 , and R 33 and R 34 may be bonded to each other to form hete- 
rocycles each optionally containing 1 or 2 nitrogen atoms or oxygen atoms, said heterocycle 
optionally being condensed with an aromatic ring optionally having substituents, 

a, b, c, d, e, f and g are all carbon atoms, or any one or two thereof is(are) nitrogen atom(s) and the rest is a 
carbon atom, 

n is 0, 1, 2 or 3, and 

A is a carbon atom or a nitrogen atom, 

provided that when A is a carbon atom, A may be substituted by a hydroxyl group, carboxyl'or alkoxycarbonyl, and 
of the above-mentioned groups, alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, cycloalkylalkyl and 
heterocycle each optionally have substituents, 
or a pharmaceutically acceptable salt thereof. 

The L-proline derivative of any of claims 1 to 3, wherein, in the formula (I), the asymmetric carbon, to which X is 
bonded, is expressed by an S configuration, X is a group of the formula (VI) or (VII), R23 and R 24 are the same 
or'different and each is nitro, cyano, C 1 . 6 afkyl t C^alkyloxy, halogen or haloalkyl, Y is a sulfur atom and Z is a 
hydrogen atom, or a pharmaceutically acceptable salt thereof. 

The L-proline derivative of claim 1 , wherein, in the formula (I), X is a hydroxyl group, phenylamino optionally having 
substituents, 2-pyridylamino optionally having substituents, 3-pyridazinylamino optionally having substituents or 
2-pyrimidinylamino optionally having substituents, and the asymmetric carbon, to which X is bonded, is expr ssed 
by an S configuration, 
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or a pharmaceuticatly acceptable salt thereof. 



A compound of the formula (l-a) 




d ■ (l-a) 



o 



wherein 



X shows^NR!R?_whereln-Rland-R?-may-be-the .same-or-different.and.each_is_independently_a-hydrogen- 

atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl f or may be bonded to. 
each other to form a heterocycle optionally containing 1 or 2 nitrogen atoms or oxygen atoms, the hetero- 
cycle optionally being condensed with an aromatic ring optionally having substituents, and the heterocycle 
optionally being a spiro ring, -NR 3 COR 4 wherein R 3 and R 4 are the same or different and each is independ- 
ently a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl or heteroar- 
ylalkyl, -NR 5 CONR 6 R 7 or -NR 5 CH 2 CH 2 NR 6 R 7 wherein R 5 , R 6 and R 7 are the same or different and each 
is independently a hydrogen atom, alkyl, acyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or het- 
eroarylalkyl, or R 6 and R 7 may be bonded to each other to form a heterocycle optionally containing 1 or 2 
nitrogen atoms or oxygen atoms, said heterocycle optionally being condensed with an aromatic ring op- 
tionally having substituents, or -NR 8 S0 2 R 9 wherein R 8 and R 9 are the same or different and each is inde- 
pendently a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or heteroarylalkyl, 

Y is CH 2 , CH-OH, S, S=0 or S0 2 , 

Z is a hydrogen atom or a cyano, 

R35 j s -COR 41 wherein R 41 is a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, or -COOR 42 wherein R 42 is alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, and 

of the above-mentioned groups, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroar- 
ylalkyl and heterocycle each optionally have substituents. 

A compound of the formula (l-b) 



wherein 

Z is a hydrogen atom or a cyano, and 

R 35 is -COR 41 wherein R 41 is a hydrogen atom, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, or -COOR 42 wherein R 42 is alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl or 
heteroarylalkyl, and 

of the above-mentioned groups, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heteroaryl and heteroarylalkyl each 
optionally have substituents. 

The present invention further relates to the following compositions for pharmaceutical agents. 

A pharmaceutical composition containing an L-proline derivative of any of claims 1 to 5 or a pharmaceutically 



O 




O 
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acceptable salt thereof, and a pharmacologically acceptable carrier. 

9. A DPP-IV inhibitor containing an L-proline derivative of any of claims 1 to 5 or a pharmaceutically acceptable salt 
thereof as an activ ingredient. 

5 

10. A therapeutic agent for the disease where DPP-IV is involved, which contains an L-proline derivative of any of 
claims 1 to 5 or a pharmaceutically acceptable salt thereof as an active ingredient. 

11. The therapeutic agent of claim 10, wherein the aforementioned disease is diabetes, obesity, HIV infection, cancer 
io metastasis, dermopathy, prostatic hyperplasia, periodontitis or autoimmune disease. 
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